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PREFACE. 

When starting the Motor ('ar F.nginee»ifig 
Cla8% at Guildford. Technical Institute the 
author got together some lecture’notes which 
fora tBe basis of the present book. .•It is 
intended as an Elementary Tejgtbook for those 
students who want a general knowledge of 
motor car construction of t3e. present day, and 
who intend to take the allied siibiccts of 
Mechanics, Mathematics, and M*;hine Design. 
Examples of»type9 have been given, no attempt 

being made to an exhaustive •study ot every 

« 

piece of apparatus put forward Jiy the* manu»‘ 

facturers for public approval and'use. • 

'Hk student is advised to make sketches,' 

fulfy dimep^ioned, to supplement ftiose in l^e 

book, and he cpuld profitably refer to Volume IV, 

of thia series on “ Toothed Gearing ” when read- 
^ * «) 
mg cbafiters xv. and xvi. The tiecessarily finef 

reference to ignition jiatters jn chaipter ix. should 

be Supplemented by«a book dealing exclusivffly 
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BEjfi CEj 

with'.thfeisubject; stj/;h “ Magneto and' Electric 
Ign^ltion ” by W. Hibbert (Whiftak^r il’ Co.). 

The akthor'desirea to express his flianVs to 
Humber Cars, Ltd., ifor the loan of blocks for 
the' frontispiece, and k'igs. 49, 77, 81, 8.5, 90; 
to S. Wolf & Co., Southwark St., E.C., for blo(^ 
for Figs. 52, 5?), and also t^ the students who 
madeithe drawings for thQ remaining figures'* ,* 
Tj;ie author desires alio to ‘pnt on reeoid his 
gmfeful appreciation of the work'done by Mr. S. 
Batstone, A.M.T.K.E., in ,reading the t^'anu- 
script and'rafli.king valuable suggestions, 

W. E. Dommett." 


Kinostoh-on-Thames, 191S. 



C()]S,TKiNTS. 


■fMAfCAU 


qiAFrKR I. 


J‘.VOE 

1 


CHAPTKH IT. 

The Mngine.* . . . 6 


• 

Cycle of Operations . * 

- . . 7 

*rUe Fui»-atrgk(! Cycle. 

7 

riie Cylinder .... 

. *V 8 

yflio Crank Case. 

10 

The Pistons.* . 

. tl 

Connecting Rods. 

.15 

Fly-wlieols . . . . . * . 

IR 

Starting Handle and Apparatus . 

•. 18 

Complete Engine. 

• • • 


liH\PTEH 111. 


PrOHEUTIES of CrARF.S ... 

. 21 

Projected Area of the Ihston 

* 



CUAPTKK JV. 

• 

' BBAKii.® HoHSE-POWKH, iWKAMOMETERa, RMPlHfCAL 
foBMULA^ TIOHSF. POWEUj AND ^fKCHAMCS 

Pbohlems . 

Empirical Pormub** ... ... 

^ Forces acfing^on Llic Piatou due to Acceleiation of4he 

Ro(;^procabing Paris . . . • . . . * 3S 

Correction of the Indicator Diagram . . .34 

Ei^rgy Stored in t?ie Fl_f-wiieel . * . . . ^7* 

Exercise , . . • . . . * 38 

vii 


V. 











VUl qONTl’NTS 

qilAP'JER V. 

• PAOK 

Val^’es: Construction, ApBANG^MENT, and Actuation 39 
Poppot .’alves . ^ . . . ... '.39 

AVrangement.41 

Gams.' . . 42 


CHAPTER VI. 


Valves: Sleeve, Rotary Pi.u*?, Piston, Rotary' 
txSK, Main Piston Acting as a Valve 

Sleeve Valves.• . 

Rotary Plug ". 

Piston Valves. 

Disk Valves. . • , • • * r • 

Valveless Bn^'ines. 


52 

56 

55 


CHAPTER VII. 

Fuels and Carbuhettrub.GO 

Carburettors.63 

Symptoms . •.74 


CHAFTER VIII. 


Lubrication .>Nn Lubricating Systems 

. . 76 

§pJa;,h. 

76 

Pressure or Mechanical .... 

. . 78 

Combined Spf^h and Pressure . 

. 79 

Lubricating Pumps . . . . » . 

. 79 

# 

CHAPTEH IX. 

MaQNETJS and AcCDMUXjATORS 

. . 82‘ 

Cutting ofi Ignition. 

. . .87 

Slifety Spark Qm.p ..... 

.. . 87 

Contact Brealcer . 

. ' .87 

Locating Trdbbies . . ‘ ‘ . 

. 88 

A<^umulat6r8 . 

. . 89 



















'iCOSl^iNTS 




OOOUKO SvSlftMB . 

• <1^ 

' 91 

Al# . . . 


.91 

Water Cooling 

01 

91 

Thermo Syphon Circulation 

.*94 

Radiators . 

<9 

. 96 

“Tube , 

. . 



CHAPTEE XI. 


' Tbao'^Bh 

AflheBive Power* . 
Tr^tive Force 
Bedlstance to Motion 
• BrakeB . 


CHAPTEll XII. 

Pbames and Spbinqb ... * 

Springs. 

Front Springs , . . . ? . . 

Bear Springs. 

Supplementarv Springs 

CHAPTER XIII. 

* 

Fb^t Azlks, Steebinq Gear . % 

Wheel Mountings .... 

Linkages*.' 

CHAPTER XIV. 

Oldtohbs . 

Multiple Disk f lutchcs 

CHAPTER Xy. 

JrESS AND Bbakes . 

a 

ijjioyollo Gear 

Brakes. . 

Obnntershaft Brakes .... 
















‘ X' CONlfes ' 

CIIAPTlftR XVI. 


( , f PAGE 

ThB BACK-ifiLE, ChUDAN SljrAET, RADIUS RODS, 'PORQUB* 


Rods, etc. . . ^ . 

. r 133 

R|.diuB Rods . .. 

■. .133 

Topquo Rods. 

. 138 

Chain Drive.^ 

. 138 

• CHAPTER XVII. 


ip 

Steam Cars ... ^ . 

‘ilo. 

Ste^m Genoratoji . . . . . 

;■ . .141 

f Engine. 

« 

. ' 145 

f 

i „ CHAPTER XVIII. 

c 

Other yiiANSMissioN Systems 

. , 153 

Friction Drive. 

. 1153 

Hydraulic Transrtiissions .... 

. 155 

Petrol Electric System .... 

. 158 

Electric Transmissiont .... 

. 168 

Complctej'llcctric Installation . 

. 158 

APPENDIX.^ 


Cm A A G uildJ Sy,i,abijs in Motob Cab ENOiNEBBiNa IGl 

Ordinary Grade. 


Petrol (iiu . •. 

. 161 

E|)ginos. 

^ 161 

Petrol ? . . 

., 161 

^arburation. 

. 161 

iTractive Force.^ 

^3arb^roue^8 •. 

. . 161 

j . 161 

Speed Alears . ,. 

* . 161 

Storing Gear •.. 

.. . 162 

Clutches . .. 

. . 1^ 

^Cooling . * . * . *. ' . 

., 162 

Lulyication * . * . . 

. 162 

Readjustiyents ... 

. .*162 

















CONTEl.TS 

XI 



PAOR 

Tf^nsinisai ni . , 


. lf>2 

Cj^assia* . . ' 


. 1G2 

ELECTRiq Ignition 


. 162 

Ignition . . ., 


. 162 

^ Blcctro-Maguotic Induction 


. 162 

Induction Coil 

• / ♦ 

. 162 

Wiring* .... 


162 

Hagneto-Ignition 


. 162 

Stea^Cars . ' . 

. 

. 162 

Steam Generators 


1 '162 

Btrnera and Fuels 


162 

B(^Ier Food-]*uinps 

. 0 •'* 

. 162 

• Aiiton^tie Systems 


. 166 

Q^udefisers* .... 


. 163 

Electric CAUiuAnKs 

It 

. 163 

Motors .... 


. 163 

Controllcis .... 

# . . . 

. 163. 

Transmission 

« ■ 

. 163 

Cut-outs .... 


. irj3 

Aabaoe Systems *. 


. 163 

Motor Car Enoinkkkin(j ExaminatWn IUi’nr . * 

. 163 

Ta'^jes— 



Logarithms 

• 

. 167 

Antilogarithms . 


• 171 

Trigonometrical Fiinctious 


.* 17.i 

^uaros, Cubes, etc. . 

4 


Areas ai!d*(Srcuraforcnces of Circles . 

. ‘183 

. JSs 

Metric Equivalents 


Equiva^nt Values of Millimetres and Indies . 

. 186 

KilogramWfea in Pounds 

• 

* 

, 1S7 

^ Propefties of Saturated Steam 


. 188 

Ini^x . 

• 1 

. yA 

1 














11-9 h.p. JEtOMBBB Cab body). 





HO'im CAU MKCllAAISM 

OHAFTHU I. 


■ THU CAK. 


goiiif,' into ilotnils, ii bi'icf sniniiiary of the 
princTpal clcini'nts wliioli conslitiitu liic modi'.rn 
inotor ci^’, iyid tliu iviamici- ni wliinli thny arii ar- 
' riJjffcd r(‘l.itiv(' to one ariotlier will liu ^fiveaT 

Fiet ns assnnin that wn ai'e standing at lliu side of 
the ear pietoi iaily illnstratnd in the IVontispicce, then 
tlie, line drawings of the sa.nie*eai' of whinh Fig. I 
gives a side elevation (the near side wheels'lioing oil), 
a«d I'hg. ‘d a pjan (the dashlioard hei^ig ahsent), can 
he move easily read 1^1(1 the I'ollowiny description more 


readily grasped. The drawings a«i tU^e, of jn ll'S 
llifl^tor car, this example hoing cho*en as rej;<osgnta- 
live of tho«f)est British practice. 

The photo and ligures represent*what i% teohni- 
callyAnown as tho. chassis, which can host Ih; deffned 
as if complet^ motor car less the Iwdv \tork. 

Proceeding now to enumerate the parts, ;\ is Igc 
frame work whrch is su))ported or«momite(f through 
iprings s on the front and rear axies hi, ii, which arc 
ij^turn Supported hy the wheels w. Upon this frame 
are the potrer *he tnummissiSn ijcariny, an^ 
controllimj mechanism/ 


1 















*4 . ^roTOR (;au, Mii('|iASiSM' 

TJv 5 tf-r is litted''witfi an internaf c6mhustion 
engmo H from which the on'crgy'for |n'o'pelling the 
vehicle is olitahied. '^nis power is traysmilt(5d hy 
a clutch F to a gear bqx G, and thence hy a shaft H, 
an^ gearing enclosed in the casing K to cross shafts 
which drive the rear road wheels. 

The clutch is iitted so that und(n>circumstanoes 
w.hich require it, such as when changinj' gearr the 
engiivi can Ije disconnected from the transmivsipn 
gearing. The gears in tlitj boxtG are used Ka alter-" 
iiig the ratio o' the revolutions of the engine re¬ 
lative to the revolutions of the shaft II and road 
wheels, the necessity for this litting arisinj? from 
the tact that below certain sfieeds the ,po\Vcr gener¬ 
ated 'by an internal combustion (sngine falls, oll^. 
very rapidly. The gearing in the casing K is known 
as the diffenmtial or balance gearing, and it not only 
connects the shaft,II to.thc shafts of the road wheels 
w, but also enables the power taken by and revo- 
’lutions of the (Wheels to be antomatipally controlled 
when thi! car is proceeding alori^g a curved track. 

Th* engine ami its component memhers, such as 
thetimfgncto, carburetter, lubricator pump, walj^ cir- 
Vulating pum])t and fan, are housed muUr a cover L 
known lis the bonnet ”. This cover extends from 
thd radijitor M, which contains the cooling wi(«or tor'' 
t^o engine li, to the dashboard N. 

,, The direction in which the oar is^ moving can be 
maintained or alVered by moans of a steeyng gear P 
which Viouples the. hand wheel Q to the front wheels. 
Other controlling members required are a foot pedaUR 
tfqr manipulathig the‘olutoh, if foot*pedal S for actuat¬ 
ing khe brakS T which is on (lie driving shaft imincdi- 
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ately m thj rear o( the guai»l)ox, a hand lovef tl which 
actnates the Ij-ake attached^to the roar road wh^sels, 
ii haf^l levar VV for altei ing*the goftrs, and certain 
lovers lx)th hand and toot opomted, which arc coupled 
to various (itnients of the engiiK;. Although the de¬ 
scription given is that of a very coninion type, there ai e 
of conrs(»instatic(!S of variation whic]i are largely due 
to tlte ro‘in'irotn(!nts arising from the character of the 
wwrft ll\e car is calhsl on to |)orform. h’or example, in 
the heavier and hig/!er-)iowered caij used tor «oni- 
meroial purposes it is not unusual to find the dirt'e»eh- 
tial aijl transverse shatl^s mounted on the gear box, the 
shafts lieiug coupled by chain and siftodet g(!aring 

.V ith Ahc t'twif rear road wheels. In another form 

• • 

an(> usually with lighter and lower-powered cars, the 
final transmission cloinent comprisA a single chain 
coupling the gear box shafting \jith the difierential. 

When other forms of power plant usin|r steam or 
electiicity are fitted the arrangement of parts may, 
differ eonsideriJl)ly*from that descrihdll in connexion 
with the internal coifihustiou engined ear, hut as the 
number of such cars is relatively sBiafi'lhe clflipters 
deaii^lg with the details of parts will also indude'the, 
arrangement of those! pai ts. 



(CHAPTER TI. 


THF. KNOINK. 

An nilenial cijiiibustioii en^iip! is niado up of a' 
ntiFiber of moving and stationary parts, in the former 
class being the piston, connecting rod, and i^alves; 
and in tlhi KUter, cylinder, crank case, and fuel- 
supplying and ignition devices. The«ne5 result of 
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these darts properly functioning together* is the de- 
vel(Jpinent of prfvver in the rotating crank shaft which 
can he couple^ up f^r yielding useful work. 

«A diagraipmati (4 view of^such an engine is^iven 
in Frg. 3, the cylinder A has a water jacket B at»d is 





T*E tofllNU 


mounted the upper halfcot t'lc oraiik caSe C? . In 
the cylinder reciprocates* a pi|ton T) which is coupled 
to th^ci’anl*shaft E liy a conrwctin*’ iImI h. An inlet 
vsilve H controls the passage fuel troni the inrtuc- 
tion pipe to the cylinder, and asi exhaust valve 1 the 
flow of used gases from riie cylmds'r. Upon tin; in¬ 
duction pipeis*mounted the tuel-sn)j))lying deWce or 
cai'l)fn'etter*G, and on the exliaust |)ipe si silencer f». 

•C^cie,of Opi’riitioiis .—When a nninhei’ol' psifts co¬ 
act so tlnit a cei’tiiin set of opisiiitioiijj are, l)eing«con- 
tinuously repesited, each sist of o))erations is kn»rfn 
as a cycle,” and thij tiini! taken to ])ei form this 
cycle is known as the “ jieiiod 

fn,theintefnal coinhustioir engine a complete cycle 
may occur during every four strokes of the ’piston, 
or during only two. In the (irst tase the, cycle is 
known as the four-stroki!, or tl^e “ Otto,” this latter 
being a name of the designer of the first really suc¬ 
cessful engine working on this piinciple. Theothei; 
cycle is known only as the two-strftke cycle. An 
engine on the one-stfroke cycle has been constructed, 
hut its manufacture was not put a coniBiercial 
basi^ud no developniinit in this direction of’aiy^ 
merit has occurred since. 

Thu Four-Stroke Cycle .—^.Assuniing the pistoq I), 
Fig, J, to he at the top of the cylinder lyid j^ist start¬ 
ing to movi ckiwii, that the exhaust valve is closed ayd 
that the inlet waive is open, as the piston> 1110 ves*it 
draws in the charge of mixed fuel and air from the car- 
fiuretter.G and performs what is Wiawn as the .wicliVuj 
tft'oke. At the bottom of the stroke tluki nlet valve TT is 
closwid. During the ensuing up stroke, the piston cciyi* 
prisses the charge intoa space at thetopof the cjlinder 
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and per/di'ms the cotfipre^iion stroke. It may here 
be ijoted that when the free, space aboVe the piston 
is of minimum volnnu!, this is call(!d tfie,“ cleaimice 
vohhie When the pston arrives at the top of tlic 
compression stroke, the compressed mixture is fired 
by the sparking plug, and* tlie resulting explosion 
forces down the piston which perfonfts its,uOH'cr or 
explosion stroke. On the next u]i stroM',, ^and* the 
exhaitst valve I being open, the burnt gases are lo»wl 
out qf the cylinder, the pisfon pifiloiiniug the ei'hinist 
sttol'.e. The cycle of operations thr'n starts again to 
proceed in like manner all the while the eiif^ne is 
acting proiferly. ^ 

The Cyfunfer. -Made of close-graiiud J'.astjron,^ 
each cylinder is turned in a latlu! and ground oiiiits 
interior cylindrieal surface so that it is extremely 
smooth and the same diameter all along. The upper 
part is however made .slightly larger, so that the 
piston cannot wear the cylinder to leave a ridge. 
Valve pockets Hud a water jacket arevilso provided, 
as already shown in the cylindiv outlined in h’ig. 13. 
In sonle caseSlln^comhustion liead is not cast in one 
witlf the«rest of the cylinder, neither is it unixiirsal 
to form the outer walls of the water jacl^it integral 
,therewith. Among the advantages of a separate 
head, is the ease with which the piston head c?uj bo 
gqt at for cleaning. ,\nother advantajj is that the 
surface qt the cylinder wall on the wder jacket side 
can he turned, in consequence of wind* a more 
ftlficiqnt* cooling,is' obtained and a more ^uniform 
thickness of wajl lessens the internal strains whfti 
Warmed up. 

A single cylindei’ casting's illustiated in Fig,4, 
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i) 

from whiijfi some idea of tKc, complexity lin'd arfi^nge- 
ment of the parts of th» casting can he obtained! 

r-V modern cars the engine usually has four 
cylinders which can he arraiifjid in one of three ways : 
(a) four separate cylinders, (b) cylinders casff in 




PLAN • 

llo. 4.—Siiiple-ryliiulrr castinj,', with valvc*<m one side, 

> pairs, (c) all four cylinders in one pasting, !irnieth<Jl 
known as*the monohloc. In deciding which system 
to adoptihe designer has to oonsidef a lai'ge nufnber 
of*points, for exaijiplepvhen separate •units are used 
any defect arising in ope unit cjin be,cheaply a wi* 
easily remedied, whilst any defect in a monobloc 








10 \!>)Ton r'Aii 'uncif antsm 

• • * 

•castivA means scia])])inf; file ,\vhol(‘ lot. ,'l’his dis- 
advaTitaee does not neeciljso m\ich eonsiiV'ration how- 
evei’i now that tlie ait d/ ueldine has be/m bimlebt 
to snob a bieb ])iteb, 'll more Iban one, type of 
enmni' is beine miuli' ibe same miits c;in be used in 

<-v n , 

11 two-, t’oin- ()i si\-cvliiul<'i llic mnnhor ol 

piilUM and tools used roduci'd to a nitiiiinimi. 
Aj(am>;L tins ad\anla‘*(' is tin- fact ihat lh»'i woj^ht 
ot and oMn.ill |l•tll;lll ot a.n cnjimc an* in^reasctl 
as (afinp.ucd \vi»li llir inonohloo lyiangcmcnt. .\ 
not ^nn^l])Ollant jjoinL to considci is ilin numlH*r ol 

joints ir(]Uii'(‘d. ilic atranpiancnl ot llu* pvanf^. 
and also siu-li^matters as tlic nundKM-ol' la^'annj's 
is dcsu-^'d to sn])))ott llin oiank slialt in * Ai tla^ond 
of thn cliajitcr, in It, tin.* loin-cvlindnr cnj^nn 
dhistratnd is tnatV iij> hoiii two sots of castinj^s nacli 
containin^f a pan of ^vlindcrs. 

The Crd^ik ('((M'.' • Thisis nsiialiv ol aluinininni and 
i'Omnai in two jiails. ol which the upper jiart is at¬ 
tached to the fianic of the cha,ssisT)i to a suli-frann*, 
and catiics th(^' ni:pn (aank shatf hearings, whilst the 
low'cr )4 ‘uL practfjall\ acts ordy as an oil container, 
•vhich is*thc caj»c with the engine shown ^n V\% II. 

The Helper pait is snspend'-d fiom the fianio at 
•thmn ])Oints, so that it docs not lieconie distorted 
when the caK is moving ovei uneven t,noiind. • 

AVheii ])lain heaiin^^s are used they^are t^a'iicrally 
oJ f^un-ftietal oi-,jihos])hor lnonzc*and soniotinies 
lined wjth white metal or othei- anti-fiictioit material^ 
Tlieiti IS an advifiita^’e in linin*^ the l)e,ai-in<^ in this 
res|)ecl that iijitnad 4 >\ the ciiank ,shaft seizing with 
cttnse(pM*nt Jiad insults loathe engine wheil* the 
luhiicatni;' system fails, tlie lining itself melts !lnd 
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• • • •, « * • 

warning jjS thereby given.' In nion! j-ecent pilidice, . 

liall beiiringt^have beeinsnee^ssl'nlly employed, those 
of t\e rloul^h'. row self-iili^oiiiv 
type, such ;is the Slo'fko, 
eminently sulisfactoi \. As 
will ho iioticcil 111 iIumIi iiw in^ 
of a joiiwial hearing, tin* ouUm 
jacS is ^phciical with (^iMitic at 
rtj(*cetjtre ol ihi' hcaiiii^and 
is coiiinion to hoAi sets of 
halls. 

aJ entirely dill'erenj ilesign, 

I'pr which a good ileal can he 
,aii^ IS iiat^n which a hariel- 
slft,ped casting is used, two 
circular end plates cairMiig 
the front and rear hearings. 

The. Pistons.- 'rniiiK pis¬ 
tons are used and geneiulK. 
iflade ol cast* non, hut some 

mahers now use pn^ised steel, with a conseipient sav- 
iiie 111 weight. Not onl\ is the vi'Sgirt redi^ced hut 
the i*rohlimi of halancing and meitia, lo which atten¬ 
tion has to he paid il one desires to.piodnijj' a vihra- 
tionless engine, heconies much easier. TIu' leiifith is» 
frojii one to one and aipiaiter times J.he fliameter, 
and the thiclfnessof the head about seven-himdredltis. 
The tops aie vither concave, coiniw, or*flat, ijie 
choice hi»ing governed hy the volume of coinjiression 
space I'tiipiired nioic than anytlnii* else, although il 

JSs l)ucii foiaid tluii concave tops aw,* more liahlc to 

• • •' • , 

foriii a sooty deposit. ^ Wehs n^iU he J’oi nu'd oii\he 

surface of the top of the head for assisting in 


* 
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. radiatfiij' Ihe heat, strengtlieniug the head, and for 
collecting and directing ^iihriarting oil teethe gudgeon 
pin. 

Under woi'king condkions, the teinperatui e of the 
top*of the piston is higher than that of the. bottom 

and also than 
tlnit of «the cy- 
lindeL*w|ills; it 
is theiefore ’ll#- 

4 > 

cessary to pro¬ 
vide for nne(|iial 
ex))ansion, ^t h e 
method adoptgjl 
coiiilistiBg ^ i n 
t a p e ring klie 
piston above the 
gudgeon pin and 
making the 
smallest dia- 
• mt*t(U' less thali 
that of the cylinder' by threrr-thorrsandths of an inch 
perinoli of cj^ind^'r diameter. 

, Ilf Fig*. 6 is illustratiid a llat-tojrpird piston o4 dia¬ 
meter d^^inches.. This head is J inch thictc, the side 
.avails alrove the gudgeon jrin iiieh, and below 
the pin the ^valls taper to i'*,, inch. in Fig. lljil re 
pi^ons are shown with a domed top. 

JFor the sake o^t lightness and mare par ticularly 
for use on racing ear s, holirs ar e dr illed aieund the 
loweapai't or skitt hf the piston and two liijgs only 
may he used. Jt is, however', eustoriiaiv to lit thifc 
3r^*four rings.^ 

Th5 lings are situated above thr; gudgeon pin ai a 
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rule, Dut the lowest one ijf soiiietimes placted at the 
bottom ol* tllTi skirt, u^jeh is inailo of {greater t^iok- 
noss^o tha^ Sbe necessary f'r^bve, car* be turned in it. 
In order tbal the rings shiijl pi’ess evenly on* the 
cylinder walls, they are turned eccentrically ouk of 
cast-iron hollow cylindefs, and about , inch large ; 
a diagopitl cul^or slot is then made to itive , J,j ^ inch 
plaji. 

, \Then assemlilmg, care should be taken to sOfe that 
’these efits or slots aif; nothin one line or else lei^age 
past the rings wTll take place. The'leakage wilj bo 
of tvfc kinds, in the first [ilace gaS will jiass down 
with a loss in compression and powerf atfll secondly 
uSrricatilJg oil will be diawn u|) on the suction stroke 
anij carbon deposits ipiickly appear on the'piston 
and head of the evlinder. These nh'insils ai-e not 
such good heat conductors as the metal piston, so 
that the temperature is higher .on a dirty pislion 
than it is on a clean one. If the temperature is^ 
sulliciently hi'h,, the comjiressed* charge may 
become ignited befcne the spark occurs at the plug. 
This pre-igiiitioii, occui ring as dft«s bufi»i-c the 
pist'on I'liitehes the top of the compressioi**stiT)ke, 
may resulffin a broken connecting ro8 and a twisted 
crank shaft. 

Twt) internal bosses are formed on the piatou, one 
of which ir *.shown in section in Pig. 6. The^e 
are drilled to tjjkc the hollow case-hardemid ste#l 
gudgeon j^n, mron which the small end of the oon- 
itecting rod swings. 

_ Che gudgeon pin has a tendency tp rotate and to 
endwise movomeift which is ov?rcom<f in a varictyo^ 
wa^s. In one construeffon the bosses are tappt^ and 
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so.t-screwH ar? used, in atiouiifi 'roiin llic piiu* tlijifiTd 
and drived into tiu‘ hv^sscs wliudi liav(‘ laicn cfji'rc- 
Kjjonditij^ly n^iiiKMvd out. -Vehriij) and (■ri'(‘(:livf way 
consists in so jilaciiif; one of tlm |iislon l ilies that it 
passes around the ends oj tile pin. In one other 
method, a tapered pin ii: screwed into and expands 
the split ends tlie j^ndpeon [lin. 

Hcid'i. —'Vhese are sti-el stairijiinps of 
H^ffrm*in cioss-sect ion, as fins I'lialiles the v eifiht 
•and cos^of manul'aoltne t6 he kept low. The round 
lods ()l standard•iteani-enf'ine piactiee have the ad- 
vanUi 4 ;e in that the\ may be diilled with a central 
longi^idinal hole tojiidvide a j.iassage lor-hiln icating 
I’f wlier* Indeed teed liihiicating s\sieins are eni- 
•plo^iSl. \ ver\ usual lorm of rod is shown in jiait 
sectional |)lan and elevation in I'lg 7. the small end 
having a, gmi-nietal hush ]> which is pinned to 
prevent'it tinning with ihe giufgiyin |iui. The hig 
end has a oa)i D so that it can he coupfed to Ihe 
crank pin, and piovision is made loj- eas\ ,id|ust- 
munt and repaii of the brasses 1',. The hi asses are 
lined with white inelal, and in ge^erl^l.the riimarks 
made on page 17 in conne\ion willi niain pi?a.rijigs 
hold true %)!' the big cud. ('oiislitie.lioiialh, Ihe 
leiigtli of the connecting rod dl■lnands coiisifleiation 
■only krom the jioint of view ol the heiglil^ of the 
comydeted ei^;i>'*' finf fl'e elfect ]iroduced h\ usii|e 
diiferent lengtfis, as considered fioin the jioiiit pj 
view of the mechanics of the piflhlem, is not sd 
simple. In ordinary practice Ihi; length of I4ie rod 
rniiti to ahout 2.J times the length of Ihe stroke. 

Owing to the di*]iositiion of #tie hearings so tlijt« 
the^centres of the gudgeon pin lutll cran^i [iiii luti lujt 
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in thf. sAne vei'tioal ) 5 lan^, the eonneoting rod takes 
one*of the forms shown diapammatioiJl^ in Fig. 8, 



Jet'll.. H.— (3oiinrctinr'roiIn notri^ntiiill^ loll 

* 

the design heing inueh lieavier since the rod is sub¬ 
jected to eoni|iound lieiiding forces. .\n example of 
the first form occiir^ in,Fig. II. 

('rank' Hhaft. -For ii four-cylinder engine the 
crank shaft 14' almost always provided with three 



Fi(* tl.—•l''onr-throw (irnnk stiaft witli three journal^. 


journals as at A, B, C, in Fig. U, four crank pins being 
connected to thdln by webs rectangular in cross-sec-' 
tion^. ‘The forward end is suitably shaped to take 
the driving [linion for the cam shaft, and*also jjiith 
means whert^ry the'starting hanSe can be connected 

with it. TBc reaf end carries the fly-wheel, Vhich 

• 
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is secured' thereto cither &y a flange and tifeltssig in 
Fig. 11 or the" end is ta^^ired and a key used. ^ 

Th^ shaft,* formed from^gie solid, the journals 
and the jjins being accurately {^'onnd to size ; the |?ins 
and wehs may he drilled with hohis for the passage 
of lubricating oil. (Ihronle vanadium steel in which 
there is J per* cent of chromium, 0'2 per ce»t of 
vanadium, ,tnd ()'20 p* cent of carbon, or nickel 
atuelVn which there is 3-5 percent of nickel*and 
M'3 per cent of ctirbon* are the steels most commeulv 
used for crank shafts. 

Wirti single-throw crank shafts for'single cylinders, 
weights arc attached to that part of ths w®b remote 
.‘rom the Jin in order to balance the reciprocating 
partj(. Balancing is also employed in two-throw 
crank shafts, and not inftsaiuenlly th? webs take the 
form of circular disks. 

When ’designing the main bearings and crank pill; 
the product of the diamet(!r by the length multipliei 
Jjy 600 should Ise njadc equal to the nUiximum pics 
sure in lbs. the pin or tearing has to take. This pre 
duct of length by diameter is knownt^as^tie prSje.ctei 
area'. Jhe length of a bearing is limited by thtsovefal 
length of th? engine and by the diameter of the shaft 
ing necessary to transmit the power, the calculatioi 
Jein^compounded of these tw'o factors, fn practic 
the value for Hie diameter is equal to 0 8 times th 
length. The bearyig nearest to the fly-wheel ispsuall; 
made longej; than the others owing to the extra strea 
pilt upon it hy the varying efforkoj the fly-’»l^pel 
The^size o^ the crank shaft can be deteryiined by con 
sideri^ each part Ss a Tieam suRjectedT to combinei 
bending and twisting. 
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’Wiien''the axis of the 'shaft is not in the vertical 
pla:io containing the centre> linos of the cylinders, it 
is said to he “ offset ” ,or "descur, Thii side |hrust, 
during the cxplosiOTi 'stroke, of the piston on the 
cylinder wall is much less in this arrangement than 
in the ordinary arrangement, which one can ))rovc 
whe>. doing the exercises at the end^of Chapter IV. 

Fly-u'hceU. —The fly-wheel is prima'iily used to 
render uniform and steady the rate of levolutlor. of 
thea’otating shaft; it stores uj5 energy during the ox- 



Fio. 10.—Stinting hanillu and Hiipporting bracket. 


pbsioii stroke and yields it up during the other three 
strokeff. The cast-iron rim is connected hy arms or 
An annular disk with the lioss or nave; and may form 
“part of or carry the clutch. In seme cases suitable, 
vanes thereon act as pumps or fans to draw air 
through the radia'tor. , 

Stdvting Handle and Appavatus .—The ifkitial 
hjovement of the ,crank shaft which drives th^ valve 
and'ignitiou geai ing has to be effected by some external 


nexioA to the crank shafts fitted -which ijj adapted t* 
be n.anually operated. In Fig. 10 a formjs shown 
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in vfiioh'the handle is su{)poi'ted in a hrapkct bolted 
to fee front of the cranlf case. Sirailaj- inclined sur¬ 
faces on the haildle and crank shaft are normally- kept 
out of eugaj'cincnt h/a spring. To-start up, the 
handle is pressed forward until these surfaces engage 
and then revolved. In Fig. 11 the construction is 
somdwhat diffeijent, an inclined slot on the handle 
co-acting with a pin througli the shaft. , 

Latterly, power plant l;a3 been used as a stat-ti'.ig 
appAratus, coniprising spring-motors or electro¬ 
motors coupled (o the crank shaft. Compressed air 
or acetylene, with suitable distributors to the',cylin- 
dei-3, is also* used, and in this case the power, is 
applu]d to the pistons. ‘ ^ , 

Complete flngine. —When the various parts "just 
referred to are assembled, the completed engine ap¬ 
pears as in the elevation given in Fig. 11 . One 
pair of cylinders is shown in outside elevation with 
the exhaust and inlet piping in place. A section 
through the cylinder piston, etc;, add through one 
valve chambiji-is, also given, lioine of the features 
have already bum pointed out, and others will be 
referred to in piore detail as the points j;omt' up for 
considea'ation. ■ 



crrAPTKK nr. . 

rKOl’KK’J'JRS OF ({ASKS. 

Tiik pi’Vssmo, volmrfl', and tnnipei-atmi; of a given 
mass of gas are dependent upon each other,.tfie. 
relatiRnship between these properties being express¬ 
ible mathematically. Suppose a giviAi rflass of gas 
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to have a»constant temperature, then it is known 
that expajision or contraction of fho gas is acoom- 
panTed by a fall or rise in pressure obeying the 
law, Ijnown as Boyle’s Law, P. y = where P ^ 
the ^u-essure and V is the volume at any one instant. 

i(21). 



3‘2 


^roTOR ffARi itEOt-IANISM , 

f 

The. full %urvo, Fig. 12, ropreaents graphically the 
chiRtiges in prcasurc and vefnme of a gas obeying 
this law, the grrfph beiiig called an laotfnjrmal (Jtirve. 

(Consider the point whore the pressure equals 
90«and the volume equals 1, the jiroduct equals 90. 
It will then 1)0 found that *at another |)oint, say B, 
the product will also he 90—actually'the pfessurc is 
15 and the volume is (i. (similarly for any other 
points on the curve. ^ ■' » 

Svpposo that instead of thi" lomperaturo remain- 
ingiconstant the total quantity of heat in a given 
mass of gas is constant, then the pressui'e and vljlume 
follow the*Adiabatic Law, 1’. V" K where 

I * 

The dotted line shows the conncjlorv between 

• « 

pressure and volume undei- these conditions fer a 
gas which has rtf volume when the [)ressure is 30. 

Changes in voluijie consequent upon changes in 
temperatui'e, the pressure being constant, follow the 
law, known as Chailes’ fjaw, V) ^ V„ (1 -P at), 
whei'e V, is tfie volume at temporathre t" and V,, at 
temperature 0“. The coefficient a equals or 

1^' the* Fii^U'enheit and Centigrade scales of 

, temperature measurements respectively, henqe 

(! + «<).= (I + (Iff) or (1 + 



ijpid the values 273 + t or Kil -(- t -'If iire said to be 
^Vbsolute Ternpei'atures. . 

When only the mass of the gas is const^;nt the pre- 
• , P. V *' 

cedmg laws are*combined into the form fp 

• A fairly siitisfactory ajtproxim'ation to the|tctual 
conditions existing on the explosion and compression 
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strokes is ^expressed by tke equation 
K being a constant. *, 

Abjve thc\ piston there is ifjvays ascertain amount 
of free space, the ininimuni *ralue of which octurs 
when the crank is at its inner dead centre. This 
volume is known as ttfe clearance or compression 
rolimui. ,\Vhefi the crank is at its outer dead centre, 
the »iiacj iif of tnaximuin value and equals the com- 
psesVon voluine iilus the^volumo swept out iTy the 
* piston. * , 


. Maximum Voluino 
ip ratio Volume 


Uie ratio of (*om- 


prossion, the value of which is somewllfero in the 
I'i'gion oflp'Uy. 

* 1^1 a diagram showing the pressures in the cylinder 
of an engine working on the four-ftroke cycle, OA 
and 01? sot olt along the OX line of h'ig. 13 represent 
those mhiimum and maximum volumes just refeited 
to. ff ,\B represents the stroke, as another way of, 
. stating the same caire, then OA is the sfroke equivalent 
of the compression VBlnme, that is OA is equal to the 
compression volume divided hy tl^e ctoss-s^tional 
area qf^e cylinder. .\t this stage it will he asSvoll^ 
to note that the (piantity of work jrerformed hy a 
machine is incasuied hy the product of tire toicc 
* exerted into the distance through which the force 
is exerted, if we can obtain the average pressu’o 
exerted by the ipcplosion gases upon the pistpn, theft 
by multiplying this average force hy the length of the 
Aroke we get the work perforirK't^ during Shp ex- 
pldMon stroke. In a similar manner the work ab- 
sorbqjl in compressing Ihe gases can Be obtained b)* 
finding the average pre^ure during the compr«ssio!r 
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strote atffl multiplyini' by thu length of ^the stroke. 
Th» pressure of the gas in. the cylinder during the 
tour strokes of the cyoilb may be sot out on arsingle 



diagram, as in h’ift. li), pressures being marked off 
parallel to the line OY from the base line OA. fluch 
y diagram is k]) 0 ,wn as the Theorelical Indicator 
b'uufram, and in the case shown the explosion pres- 


13^.—Theoretical indicator diagiam. 






riiori'nrrini* or oasks/ 
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sure has lj;ion taken aM 2?0 lb. pof square’ iiic^i-^nd 
the compression at 85 1b. per square inch. • 
To*obtain, the nwan effa^im'e prSiSnro divide the 
diagram into ten vertical divisions of equal width, 
draw the ten middle ordinates (shown dotted), i«ld 
together lluse ordinates, ah, ed, I'J, (jli, ij, Id, 
mil, np, ^ 1 '^ si, and divide by teiij The valde so 
ohtafne(l,rejiiesents on the proper scale the niean 
effective^pressure. h’or 14 II practical ])uri)Oses, the 
pressures existinjj on the exhaust and suction strokes 
may be neglected. 



.Mthough one. diagfliin will do, ypt (qr the sake ol 
cleaniess, and also for future use ii* connexicm with 
torque ili»)j|'ams, the pressure graph qf Fig. 13 may 
be spread over the four strokes as h> F’ig. VI. The 
^average pressure for the exjilosion and conqiresskm 
strolfces should then lie determined by tlu'. method of 
mid-ordinateI’as above. When the average coni^ 
prossion pressure is subtracted froiij the aveilige ex» 
plosion pitssui'e. the mean ellective jircssurm say 
P lb., is pbtainod. The total pressme acting oil the 
piston equals P . A, in ^hich 

• P is the M.K.P. ig lb. jierjfquare inch 
aod A is the projected area of the piston. 
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fHB diStanofi through which this force^is exerted 
is (»jual to the length of streke L feet. 

Hence the wrtrk don«*per cycle = P. 4 • L fopf lbs. 
Let E he the number (5f explosions per minute. 

Tken the work done perraimite = P. A. L. E foot lbs. 



* l.>, —I’ressiiro on a ilomed piston. 


diagraifi (Pig. D) w(s get at once the value of the 
expression P. A . L, care being taked to remember 
?hc sc*les to wljich the sejrarate factor's have been 
plotted. « 

[^nja-.kd Anxi'<f the I'isUm .—It is the.area of a 
circle of diatneter^erpial tp thpt of the cylinder, 
'^suppose the head,of the ))i^ston is convex and«hemi- 
spherical, then the pressure is everywhere noting 
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normally o^' at rif^ht anglosHo the surface as^ndifta^ed 
by arrows in the section shown in Fig. 15. The 
probl^ hefra* us consists in^lndingbut whether we 
are justitied in saying that the\otal downward thrust 


on the piston is L’. A being = 


7rl/“ 

4 ■ 


Now con¬ 


sider a thin circular strip A of width in subtc'tsiing 
an ai1gle,2tl. The hormontal resolutes of the preti- 
sure bn this stri)) halanci^ one, another, whilst the 
"vertical resolutes P . cos 6 acting on an area 2 it*' . K 
total up to P . cos fl. 2irr . When projected* on 
the oijcnlar section at Ijie base of the head the strii) 
umler consideration has a width in' ^'ir. cos 0, and 
a dirqft p!£S!#n'e thereon would equal . 27rJ' .^le' = 
P . Jirr . Ill, cos 0. Now this is the sum of the verti¬ 


cal resolutes of the forces on the sffip A just con¬ 
sidered. The sinnniation of tl)(! whole of the, re¬ 
solutes is therefore equal 'to P. (The, sum of 
the areas of all such circular strips as the one of 
width w') = P*. (iw'ea of the ciicle Si radius 013) 

-- P . d- - P. A. Tlveii if the h(*.ul i«,irregujar, as 

with pittas used on some two-stroke engilii'S, the 
same notation holds good. 

Instead of theorizing as to the pressures in the 
cyliiKler, an indicator may he used whicb aufoniatic- 
ally plots the Ictiial pressures. 

In the older forms, the diagrau^ is mark«l on j 
card placed on a drum which is made to rotate ir 
accordance with the linear inoven1e.i«t of the jilBton 
At fho same time a pointer moves vi»rticallv corre 
spoiiiltng to a rise or fall of jiressi^re in the cylind^^ 
Th» indicator is screwed into the cylinder whSrobi 
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th^ gasef can act oil a Small piatoii whjch through 
linfcwork actuates the pointer. Indicators of this 

kind have not''provcJ*very aatisfactor'* tor us»: with 

' h 
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iiotrol (aigines, ajid have liecn replaced by others in¬ 
volving optical iirinciiilcs. • 

H(5ch an indisatbr is the llopkinson, shcnwn partly 
in section in ifig. The jilocl; A is screwed *into 
Jjio ordinary iiidic^itor holi^of the engine. Arframe 
B fils over this block, sufficient clearance being* left 
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to provide ^r unequal expaltision. Ft is held up’by a 
spring into engagement with th(! lowei' face of a «ut 
C, a 1^11 racti neiiig provideefli This'hanie is posi¬ 
tively connected l>y linkage to^i reciprocating pail of 
the engine and is thus oscillated ahoiil the axis «l 
the block A. The pislo* i'' slides iji a bore in the 
block A a*,dal the top is provided with a hoc^ 0 
which re^s on a spring 1) consisting of a Hat stri^) 
ot< 5 tefil. The mirror II is ^lamped to a steel spindle 
*1 and is moved hj the spring D through an ii»tcr- 
mediate spring K. The mirror is thus turned al»u1 
the ax^s of the spindle 1 Jiy an amount proportional to 
the^ ])ressure in the cylinder. \ beam "of light fall¬ 
ing oy tin* mtiTor when rellected thus leceivijs the 
two »novements necessary for producing a diagram. 
When the beam falls on a piece ol* photographing 
paper a ^lermanent diagiam is oltlained. ^ ^ 

The M.li.P. obtained front an ilidicalor,diagram 
of this character, when usial in the lormula 
[TP P • A . ki . k jj, tlie Imli- 

33000 S 

eated Ilorse-Power, or I.II.P. 



CIIAPTLiU IV. 

BRa'kE horse power, DVNAIIOMETERS, EMPIRIO.AL 
.EORMULA FOR HOKSE-POfi'ER, AND MffCHANICS' 
PROBIiEMS. 

The wgA done in overcomirig friction of the woving 
parts of an engine when subtracted froinj^he I.IJ.P. 
gives^the useful work which can bchhtoine^ froip 
the crank shaft. This woi'k is dinjctly measurable by 
means of an instiument or piece of apparatus called 
a dynamometer. As most of these act on ^the prin¬ 
ciple of iibsorbing the output by a brake, the useful 
power is referred to as the Brake Horse-Power, or 
briefly the B.fl.P. 

B11 P * 

Th» fraclihn = ri gives a value for the 

( » f.H.P. 

mechanical ejjiciency of the migine, a yiiw? which 
approxijnates to O'H/i. 

»Fig. 17 shows a very siinphi form of brake or 
absorption 4ynamometer suitable lor use on dmall- 
^owered engine. For high jwwers, \hn method of 
Applying the ex^rnal braking fow; requires some 
modification, and the brake blocks or rim »t the pulley 
to v^ich the Iwalfes are applitid are made.hollow so 
that water ntay be^supplied to^take up the excess 
JJeat that is not ,radiated^hy the apparatus* itself. 
Beturning to the simple form, it will be observed'that 
.(30). 
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tho brake Jilooks^are carrted by a rope to’thefepds 
of which are applied twio fomes, P lb. and W Ih in 
the s|jape o^'a spring balanal and if weight respec¬ 
tively. Suppose tho diamet^’ of the pulley to be 
D feet (it tbe rope is so thick that its centre is some 
distance from the rim then the distance D should be 
measured,from A to B), and assume also tbaf the 
number gf revolutions is N per minute. * 



Then the B.II.P. = ^ ‘ 


force^ (W - P) is overcoming friction, anH acts 
through a disfiiuce ir. D. N feet per minute. < 


A handy form fil Absoi-ption Dynamometemis the, 
Walker Faij typo, consisting of two arms adapted to 
be*olamped to the power shaft and* ta which bUtdes 
are fl!ted at predetermined distances from the centre 

^ # A ^ a V 

of the^shaft. The power is absorbed in overcomm^^ 
the lipsistauce of the air to the motion of the blades 
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as U»3y wo iptated by th» shaft. The apparatus is 
caljtjrated oi' marked so Ihaf/ihc llH.tk can he reiid 
otf at once. 

•tt works tosting a lfir};e nninher of engines every 
wpek, each eiif'ine is conplcal to an electric machine 
the power of which is medsnred and recorded on a 
tinirt sheet. Jfy mnltiplyin;^ this pofver hy the elli- 
ciency of the niacliine, say 9H per cent, the power 
of tRe enffine niuler test i^s olrtained. 

Ciwinf; to finclnations m tfie position S[ the re-‘ 
dordinf! level’ or beam of lij;ht, the Torsion Metoi- 
now so extensively used on steam engines cadnot he 
applied th rnternal comhnstion eiif'ines with a 
reasonable chance of getting'an acciii'Kte’jr delicate 
reading. 

Knijuncal Vi.niiiiUe.~ -Tin- horsi'-powe.rcan also be 
obtained from empirical fornmlie, based on jirevious 
ex'per'iments on other engines The formula adopted 
by the Jtoyal .'Vutomohile Club and the Treasury for 
taxation pnrphses is: fd.P. = U'4 d'. N. N being 
the number of cvlindei's, and,'’/ the diameter of the 
cylint^ers in'incjies. This also includes the assump¬ 
tion ttoit the number of revolutions are^ ^000 per 
minute, and tfijit the mean effective pressure is G7 lb. 
p*r square inch. .Although not included in the 
formulA, tlje stroke should be a factor, espeoiall)' 
(.where modern long-stroke engines 'are concerned. 
',LanclriStor has modified the U,A.C. formula to 
include stroke, the equation taking, the form 
H.K = k. d'-li. S"'’. N. fn passing, it ahould'be 
noted that tlw equation is of the second order, fis all 
i'ormulfc must be in order to represent H.P. cqp’ectly. 

Bones Actimj on the Piston Due to Acceleration 
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()/ till', Jlecipi'oratitK/ Parli .—When (•stim!iS,inf,'*ttio 
\Veif,'iit., u', of till! riioiproflfttinu jiarts, [lalf the woiylit 
of the joiinectiTif; roil, which hCiiii))nA reciprocating 
• anti part rotary motion, is added to the weight of the 
p’ston and its littiiigs whicli liave a piini reciprocat# 
ing motion. To find the‘value of the acceleration 
forces, t\voJin])ortanf laws of miichanics are used? 

(1) - When a body of freight »' is moved with aft 
acc^l'.Vation / the force mipiired to effect this is 


(2) When a point moves with uiiifoim velocity n 



Kill. Is. 


feet per second in a ciiele of radius ,r feet its radial 

• • 

acceleration is feet per second. Now at the two 

dead points, A, li, on the crank pin,circle set out 
in Fig, JiS, the connecting rod may” he considerod 
as sw^ini'liig about the gudgeon pin as ^centre, so 
that th ‘ eranl? )iin has a momentary movement | 
ill two circles. In conscquonce, and in accordance, 
with Law ahove, it has an acceleration at A of 

(^ {I - and at B an ?icceleration ot 

\r H) r\ ul • 

+ ;"Ylp^wh«r c n is *he ratio ot th* 

\r . U r\ It/ 

;t 
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le^ii'th 'of the connecting rod to the radius of the 
Ciank pin circle. At itho dead jwints these accelera¬ 
tions are also the vi me of the acceleration of the 
piston. When the, connecting rod and crank are at 
.right angles, the piston being a distance A(I from its 
inner centre A, the, acceleration is of no value. 

if we use Law 1 above to obtain the total pressure, 
and then we divide the prhssure by the area'of the 
piston, a stroke-pressur'i diagram, Fig. 19, car. be 



drawn as follows i At .1 make .AM to represent on 
a piBper scalo- the, acceleration-force 

. q r \ nj 1 

ht the inner dead centre, and at B make BN to re¬ 
present the force V * ^1 + ^^d‘. Sirtcc the 

I forces are oppositely directed BN will have to be 
below the line AB if AM is above. Idet C be the 
petition of thi' /)iston when the rod an^ crank are 
at right angles. ^ circular arc^ through MCI? com- 
. ,,pletes the diagram. 

Correction of the Indicator Diaijram.—'ilhM 



th(! piston is inovitif' fionf A to (J tho aciSjleriltion 
forces^ lire opposiiijf thci* pressures exerted by *he 
gases,jand diij^ing tiie jiart of stwilto from C to B 

• they act with the gas pnwsuri:. ff, therefore, the ac¬ 
celeration diagram is superimposed on the indicat(P' 
diagram tlu! resultant preSsiirc on the piston may be 
obtained. , * 

Wo are now in a )>osftion to oldain a Torque <5r 
('rank E^^orl Dinijrain. Jict the connecting rod 

NC, rig. 20, l)e an angle <l> to the lino of centres 

• • 


O 



NO, 1’ being th(! pressure 'on the pistot;, S tlie 
pressure along the rod, and Q the tangential force 
at the crank pm. • Produce the rod t*0 meet OF in 
T, and with centre N ladius NO,swing an arc to 
cut AB in 0. Then AC gives thc^ilistance ^f the 
piston ^roqj the end of its stroke, ayd OT x'opVc- 
sents Q on the scale that 00 reprexionts P. 

For those matliematically inclined''the juoof of the 

above is as follows ; S . cos <;() -- P and S , oo!?d = Q, 

, P cdk d> sin CTO 00 

hence = ^ =-= 

Q cos 0 sin TOO OT 

Hitving ^hus obtained the tangential force Q on 
thb crank^pin for any position O qf the piston in 
relation to the resultant pressure P on the piston 
which is ohtainabfo from the corrcdled indicatof 




J [ 0 . 21._Torque diaeram. 
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foroo Q by Iho arm OOof the liivor, \i\ a 
constant. < I , 

Whjn the ft)rque is plotte^,on ao“st7oke” base 
th(! comi)l('t(! (liiigram foi’ t)ie foiiV strokes fol' a 
sin}'le cylimler will appi-oximali! to that shown in 
Kig. ‘21. h’or two or foiif or six cylinders a cone- 
spondiiif' ^lumli!']- of such iliaqrams are plotted to 
the same, base and a coinponnd ciiA’e drawn, dnt' 
allnwitncfi being inadi; I'oi- tjjie fact that the expidsion 
'strokes are not coincidT'iit foi' the vai ious cylinders. 

'L’he mean toi’pie should he obtained by J,h? 
inethqjl of middle ordinates. When plotted it cuts 
the cuivi' at I’ and S, the shaded area lifvS being 
the energy,'st«red in the fly-wheel during the ex- 
^osipn. By deduction, B and 8 are positiolis of 
minimum and maximum speeds respectively. The 
dot and dash line represents the sneed cin v(‘ for the 
cycle. 

E7ier<jy Stared in Ike Fly-irkeel. fyet M, m, and 
N be the maxiinuni, minimum and mi*an revolutions 
of the fly-wheel pej minute. Also assume the 
momout of inertia of the lly-wheel Jp l*if I. • 

Theif 2 '^''( 6 q) of a ' 

cycle = area PKS. 

If = />■, a constant known as. the Coefli- 

N • 

cient of Fluctuation of Speed, then the expression# 
(M- - m-)^ = (M - m) (M + m) t . N (Af -t- wij 
2. ifc .'m 

Af a matter of interest if toixpie is jne proiiuot of 
a tanfjential force by tfle distance from the axis ^t • 
wbiph it is acting, then tiy multiplying the average 
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torque iij' iw wo get the nvork done per revolution. 
ff,T is the nienn torque iu'ib. feet, tiieh work per 
revolution eqinls T foot Ih. ihid = 

av*. T. rt 

;!3000 ■ 

liierciv,. —Using the piect'diiig pariigrii,[)hs as a 
gui<V', draw an indicator diagram 'sueh^as would 
normally he oktained fronn a singliecvlinder ])eti'ol 
engifie working on the fonr-stroke cycle. Fiil the 
coiqnression and inaxinimn pi'essin-es he hPj and a7()' 
Ih. per square inch res])ectively. ‘l''roin this deter¬ 
mine the crank effort diagram, assuming tile dia- 

V . S/ 

meter of /lie cylinder to he 4 inchi's, the stroke 5 
inches, and length of connecting rod 10 iifches. 'i’he 
weight of the piston and half the weight of the ,con'- 
necting rod eqtials d,| Ih. Bind the ratio of the 
maximum torque to the mean torque. Show how 
yoa Oonid determine the energy it is neciissary to 
store in theflv-wheel when the coefficient of tluctua- 

$ 

tion of speed.*is .'i |ier cent. Usp giineial terms for 
such data as is necessary hqt not sup|)lied with 
spccitk) value's atove. 

^ ,\ii a •further exercise the student should ^obtain 
the maximum* side thrust of the jiiston on the 
cylinder walls iir the two cases : (1) of an ordinary 
engine, ,and (2) with the desaxe arrangement. Sinii-' 
larly the to1(|ue should he plotted it.id compared, 
^he case of a 4-inch x .5-inch engine being used, 
with and withoull an offset of inch. Conipare also 
the tprque of two 4-inch diameter engines iW B with 
5 and 7-inclvitrokes respectively. 
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VALVKS? (;ONS'l’IUHrr[()N, AltItANCiKMKXT, ANt) 
A(!i'f;A'ri()N. * 

• 

*Thb aJnf'Ssiou mid oxhausl of tlio I'asos to and from 
the oylindor of anliMf'liu! oponiting on the toui-stroks 
cycle src contiollud hy v.ilves. Up to quite recently 
only one kind of valvif was used hy manyfacturera, 
viz., the IJupyct or ninshrooin, hiit now other types 
have Ireen taken up after extensive trials and»inuoh 
discussion. Uor practical purposes live heads are re¬ 
quired in classifying the types as follows:— 

1. PoJjpel or mushroom. 

2. Sleeve. 

3. Itotary piston or plu}'. 

4. Sliding piston. 

5. Rotary disk. 

Pop^Bt Valves .—These liavo tlie form sh?w« in 
Fig. 22, heing constructed of steel, ^lickel steel, or 
pure nickel. The conical face is dinigned to engage 
* a corresponding seating in the cylinder casting,*the 
width of hoiHiug surface heing about inch. The 
exhaust valve is subjected to very high temperature^ 
which mi^ result in warping and i»i loss of elTicienct. 
fn this’ease also the head may become corroded and 
apjhiars to he eaten away, a trouhl? jfiiown as “ pit- 
tiugA With th6 better steel* now, employed thij 
does not occur so (piic^ly. .\t*one time cajjt-i#ou 
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heac!« fixed on steel itemj had a slight vogue, as it 
was foutid 'caM iron was 
hettev than uteel in respect 
to corrosion. The lower • 
part of the stem is case- 
liaidened. At the bottom 
of the. .stefii A, a slot is 

, t _ 

made through which passes 
a cotter B, adapted tcu'liijld 
a coKai- C. The lower end ' 
of the valV spring rests on 
this collar whilst the'upper 
end takes against the cy¬ 
linder oastiivp ‘ These 
springs which tend, to 
keep the valve on its scat 
are arranged to exert a 
pressuie of about' 50 lb. 
when at full length and 
80 II). tvhiyi compressed. 
The jase with which the 
gases may pass the valves 
when open depe nds p n the 
diameter and the lift. In 
Pin. 22.—Poppt^, valve, jpg gf jpg exhaust 

' valve it js found that the greater the diameter, the ' 
greater the 'liability to warping; whereas if the 
^Vailable passage is obtained by increasing the lift 
then aif increased chattering and noise results. It 
is customary to inako the lilt eipial to ohe-fiftlf 
of the diamete^’,' and to make the diameter of ihe 
ptem equal to .one-qliarter of‘the'smallest diaijietei' 
of the, valve scat. ' 
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bekij; a 'compromise am6ng the following features: 
(1)^ The number of jpints lo bo made. (2) The 
faculties for gfindin(^’the seatings. ‘^(3) The best 
possible combustion. (4) Rase in clearing tlie ex¬ 
haust. (5) The arrangement of gas and water 
piping. (0) The position “of the sparking plug. (7) 
Thd overall length of the cylinder. (8j JThe use of 
tSvo or one camshafts. (9) Whether ijockers or 
direct tappets are empbyod. (10) The i’et|ui*'ed 
compression. The arrangenient shown at R is the* 
uia.st extensively used, the cyliu5er l)eing said to 
have a T-head. Ror commercial vehicles, Jhe T- 
head, shiwn at F, is much used. 

When the camshaft is or camshafAs fro situated 
« « , 
alongside the base of cylinder, the valves are actu¬ 
ated by cams %nd tappets, or by overhead tappets 
and rocker arms;,and when the shaft is carried on 

^4 < 

top of the cylinder, the cams act direct or through 
rocker arms. 

The cams'*may be formed integral with the shaft 
which is the^moce usual constcuction, or made separ¬ 
ately! antf in this case the cams are keyed to shafts 
of circular (p-oss-section, or machined Jo ^slide on 
shafts which, are squared or fluted. When the 
integral form*is not used, it is {wssible to pro¬ 
vide f6r an end-wise movement of the cam.whicli 
, is so constructed that it gives a vatiable lift to the 
, valv<k 

Cavis .—The valves are approximatelyjOjMU during 
one-half of an eAigine revolution (180')^aud cldked 
during threi^halves (540°), and since the camshaft is 
•driven at half tljp speed of the main shaft it^follows 
that the cam has to act on the valve to open it over 
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a period of one-fluf^rder of a ftainshaft revolutibn, fhat 
is approximately 90°. ' • • ’ 

The |,nglo3 i;Pferred to in the|jf«llovvihg paragraphs 
•are main crank angles. A fairly average setting for 
the inlet valve is obtained by opening it about 10°, 
late, that is after the ])i3ton*ha3 passed tlie inner dead 
centre and y moving down on its suction stroke, !?nd 



cfoainj it 20" late. For the exhaust, the opening 
occurs 40' earlj*', that is whilst the latter part of the 
explosion stroke is being performed and the closing 
about 10“ Ijte. From the time the exhaust valve 
begins to (^n until it closes the*mj),in crankshaft 
goes through an an^le of 40" + 180" -t^ 10" = 230, 
so that ^he camshaft moves through^an sRigleof 115"d 
Oae method of setting out a cam consists iiiMe- 
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scriinnjfivcii-cie MNP wi'oh centre 0 to represent the 
rojt circle of the cam. flraw radii MO, NO so 
that the angle. MON^ 115An a'fo BSTos then 
drawn with cislilre 0 and radius OU equal to OM' 
plus an amount KM equal to the maxiniuni lift of 
the valve as in Pig. 34. 'Since the valve cannot he 
lifted and lowej'cd instantaneously, the, root circle 
must pass griVdually into" the outer einde in the 
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Rill. ‘i.'i.—Diiifiram of vaU'o scttiiioH. 


manner shown, from which it will be noticed that 
the valve is now open to its maximum extent over 
an angle Cpj). 

• A graphic representation of the vafve settings with 

.referance to the crank shaft can he given as in I’ig. 
25, in which the outer full crank-pin circle is cross- 
hatched to represent the opening of the,inlet valve 
and the inniV dot^e l circle, to ijipresent the opening 
"of the exhaust vijve. Tljti direction of motiosi of the 
crank pin is lepresented hy an arrow. 
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Some niannfacturei'S givft the- openings ■•vitfi'' re¬ 
ference to the distance tR» piston lias travelled frotn 
its extjptne.)ioStions, in whioh^iiise the diagram is as 
• shown in Idg. 2(). ’ ” 

Although there is considerahlo dilTeronco in the 
times of opening and closing valves on dill’erent 
engines, the mam consideration for the designers is 
to get as huge a charge into the oylinflci' and to get 
as much of the exhaust gabies out from the cylinder 
Suring eaffh cycle as fiossible. When the pistog is 
at the bottom or tSp of its stroke it is moving vi;ry’ 



2<).- -Dia'^inni nf sulvti 

slowly. Bearing this in mind \v(‘ ^an ’understand 
why th^ in^^it valve, for (ixaniple, is clost'd late. On 
the down sti-oke the gases arc drjj,\vn into the 
cylinder and acquire a nioinentiiuT wliieh allo^vs 
themJiO How into the cylinder even when th(j piston 
has begun its^return stroke, there is therefore 
greater charge than if the inlet valve had bccji shut^^ 
at the dea^ centre. The *ratio ol* compression is 
adhaewhat alttued in consequence, * 1)111 tliu final coin- 
presiflon pressure is not approcialily altered because 
of the greater charge. 

A^in, the early oj>eniiig of the exhaust doe? nSt 
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result ill loss of [lowei*, ;is an e.xaijiiniitioii of the 
theoretical torque diattran'Tor the last part of the 
pressure stroke willjshow, whilst the'higher ^n'cssuro 
ill' the lalimle'r at the inoinciit when the valve is* 


^o|)ened and the loiif'or time during which it is open 
lead (0 a more complete, dlearance of the exhaust and 
cooling of the evliuder. 

n , 


■ A slight afteration of the cams on ^veil-known 
engines has been known lo increase the miletiga per 



gallon % as much 
*as 50 per cent, 
the inelliciAncy in 
these cases heiiig 
due« ttf using tim¬ 
ings, wliicl^ al¬ 
though excellent in 
jiractice for another 
engine, are not suit¬ 
able for the engine 
\wi t h a dilfereiit 
mean speed. 
Another point to 

remember is that 

- € 

in no case does the 
cam act directly on 

the valve stem, an 

« 

iuWrmediato tap¬ 
pet being used. 
The tapiict may 
carry a ' roller,’ it 
may lie spBerioal 


•ended, it may have a flat end or a second yember 
ts sometimes interposed between the cam and titjipet. 
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Fiiuso uiiiinem sniij)(is 01 oTOicaciing Kurlacm aingo- 
Tiand different cam surfiices fpr corresponding valve 
■novenjiints. • V, ’ 

A construction is given in Fig. a? where the tap(jel 
\ carries a roller J3. The upper part can he 
idjusted as regai-ds length by the two nuts C, D, 
ho part C whiefi contacts with the valv(! stem hoing 



Fi*;. 2K,.-rnlGt phiii for fHHt-runmaj' iMiffino. 
5ase-hardencd. The'guid(! E is held in th» crank 
cai^ E by dopj# and is hollowed to receave a weak 
spring which tends to keep the loller on the^cain. 
A fibri! pad^is sometimes let into the*|)art 0 with the 
id8a of minimizing noise. . 

Thf form of cam which gives good^service for a 
fast-rujjning engine *s slTown in F^g. 28? The dotted 
oirol^ represents the virtual base circle of the sanf, 
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tor lho;;e is always so.an olearanciJ between the 
tajjpet and valve stenp, and consequently some lost 
motion. With sudj.^* cam the V(!lotity of Vae inlet 
gaSes would be approximately constant. ' 

Since the angular velocity of the crank can be 
taken as constant in a' foiir-oylinder engine by 
plctting tbe valve openings against the crank angles 
as in I’ig. 29, the quantity*of change will^be jn’ojjor- 
tional to tb(! ai'ca of thi; figure—the vclocity'of.the 
gaifes being assumed constant. 

In tbe case of variabhi gas velocity, the estimation 
of the velocity at a given instant is determined hy 
multiplying the juston speed at that instant by the 



cross-sectional area of the cylinder and dividing by 
the aSca olrValve' opening. 

-The cam slm^t is driven off the main shaft by gear 
wbecls, spur or helical, or by silent cbaifi and sprocket 
f^earing. In bstb cases, the timing can be upset by 
getting tbe wheels or sprocket out of their correftt 
relationship, and attention to this poiat is very neces- 
(T sary when assembling. 

The timing is‘usually marked on the fly-wheel and 
denotes the settiu^g of the valves of the riJ-st cylinder. 

As the valf'e' seatings and cam surface'^ wear, the 
.former shouU bo tiued up With E cutting tool set in 
a holder like a h&nd drill* whilst the latter should be 
carefully ground back to the correct |hape. 
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VAi^yEK: Sleeve, liOTAUY^'i.uo, itstos, kotaky 

DISK.^UIN I'lSTON A(!TIN(J AS A VAEVE. 

* 

In thii days when pojjpiit valves weie the only lunu 
in use* they were {'eiK^pilly noisy in action, con¬ 
sequently as more silent enf>ines were demanded, 
alternative ^tiiAls, as well as iinpi'ovenicnts on the 
existigg kind, were thought out liy designers. The 
main dilliculties to he contended wifli in the new 
types were those of luhrication anckuneven expaipiion 
with its lack of gas tightness'; and it will he seen 
that in most forms attention has hcen ilirected to 
.proper water coofingt to isolating the valve from the 
direct action of the lint ]iai’t of the explosion^and 
to the keeping of the relative speed of tfie ruWhing 
surfaces,as low as possihh'. 

Sleere Valivs. —-The pioneer of lhi«i type is the 
Knight, which was made commercially successful h_f 
its adoption hy the Daimler Company. Two sfeeves, 
A, B, with ports therein are einployeil. The piston re¬ 
ciprocates in the inner sleeve, and the outer sleeve 
moves in cijntact with the cylinder wall C, as in¬ 
dicated in 5ig. dO. The cylinder tia# ^ detachable 
head fi, and inlet and ipchaust pprts R and P re¬ 
spectively. The ports e, I, ijj the sleeve fl, are at the^ 
same, level, whilst the ports tl, d, in the sleeve A, 
(491 *4 
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ave>Kt (Jifferonl lovula. sJ3y putting ijie cranks from 
wJiioh the sleeves are opej.'ated at an alighs of about 
70 , the ports •:, /, d,fl, can he inailecto rogis|('r with 
each other ami with the cylinder poi’ts I'l, ]•’, 'so as to 
provide for the proper control of tins working fluid. 
Grooves are formed on the sleeves for luhrication 



i'To. 30.- -Sleeve v«he eripno yKinsht). 


purposes. As usually designed the travel of the 
sleeves is alx)ut of the ))i8ton stroke; the width 
of the ports is egual to j the travel, the thickness of 
the sleevesy to 4 mm., and the compresslofh pres¬ 
sure is aboht 00 tb. 

'In the Argyll engine a singhi sleeve is used which 
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fornA a olose-fftting liner to tHe cylinder. ^ «5ink 
A, Fig. 31, ^iuncfl to la lug at the bottom of t^ie 
sleevci'and at pight angles to^s axis^is driven by a 
rotating spur Vheel B which’ *nove*i the sleeve* in 



Km. —Sleevp valve eni'ine (I’errot). 

such a manner that any point on it has an elliptical’* 
motion once every two revolutions of the main 
crank shtiff. The wheel B rotajes in a casing C 
whicli is bMted to the upper half of*t^ie crank case 
D. The crank pin A slides in aifll out«of its socket, 
and^is utilized to pump fubricating oil to the«a(F- 
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jacadc n»rts. The cylinder has six pprts cut in the 
wf,ll of its combustion (jhamber, of Which three 
communicate .with ^^e induction yipe an(j three 
wife the exhaust pipe. The sleeve’itself hWs five* 
ports, one acting in common with the induction and 
exhaust ports. The shape of the ports in the sleeve 
is shown in Pig. 31, those in the c'ylinder being of 
the same shape but inverted. ' 

On a down stroke of Ijjie sleeve the exlS,ust'pprts 
are, uncovered, and while the"sleeve is rotating at thg 
'jottom of its travel the inlet ports are opened and 
remain so until the upper dead centre. At tliis posi¬ 
tion all the ports are closed and the poi ts in the sleeve 
are housed between the detachable, bead of the 

V/ t.' j 

cylinder and extensions of the cylindei’ walls aw4y 
from the otfecteof the explosion. 

With all valv(! systems as already referred to in 
Oliaptor V, th(! time duiing which the vitlve ports 
. are opened as well as their maximum area of valve 
opening has IK) be taken into account in gauging the 
effectiveness of the system.,. Looked at fiom this 
point'of view, tjie Argyll system appeai-s to be good, 
since the valve ports not only reach their maximum 
opening quickly but remain full open a correspond¬ 
ingly longer tsme. The sleeve itself has helical 
groover which act as lubricating channels. ' 

Rotary Plmj .—Of the rotary plug type of valve it is 
' 'proposed to deal with two kinds, those rotating on a 
horizontal axis knd those rotating on a vertical axis. 

The Darrap(^ v^lve rotates on a horizontal axi8»in 
a casting on c^e side and near the top of the cylinder 
casting. This casting has b, niftnber of ports com- 
ihuaicating with the induction pipe, the cornWytion 
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chambers ai»d 8he«exhan^t pipe. The valve*has*f6ur 
D-shaped sections one fol' each cylinder, in fact if is 
very li^e a (Jonliss valve. .‘\s sSown *in the seoticjpal 
view in Fig. 32, the flat portion does not couple any 



Fin. 32.—Rotary plug valve (Darracg). 


of ,tho thneoiports, but a small movement either way 
woul^couple the combustion chaniljet With the inlet 
or exhaust pipe. AUhough the awang^nent is such 
that thi piston at the uppuc extremity of the st(pk« 
Bovefs the port in the cylinder and so protfots the 
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valve from the force and hgat of 'the' explosion, yet 
in consequence of thijf, construction tlje valve timing 
is qot good. 

The Itala rotary valve has a vertical axis and 
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-rotates in a cylindrical easting common to u, pnu ui 
' cylinders. 

Ports in the valve A, Fig. 33, and in the two cyl¬ 
inders are aiapted to register at the cohrectetimes 
for working on the'four-stroke pfinciple. Difficulties 
as to distortion due to irrAgular heating are overcome 
by water cooling the valve itself, the water entering 
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md leaving jjhetval.ve thiouj^i two concentric passlges 
which rotate in glands d'lrectly over the valve. The 
^alve Jings wi^h which the V’vlve * provided are 
ixed to the valve casing itself. * * 

Piston Values .—Of piston valves proper those use4 
)n the, H-.iwitt ei^ine arc t^c best known. Although 



Fio. .S4.—Hewitt piston vatvo. 

■ 

ihow» with inlet valve A and exhaust tfalve B 
)n either side in Fig. 34, they can Ite arranged on, 
)ne side and driven Ity connecting rods oil a cosnnioii 
ralve-cranlj shaft. Both valves reciprocate in cylin- 
Irical castings which are ported* aiid| communicate 
with the inlet and^exh^ust pi)xi8. Tn this engine, 
jraotioBlly any desired val^e setting ca^i he obtained. 
Bisk Valves .—There are no engines with effi’cient 
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di^k Vaiyos. Either there is too f'reat jin area exposed 
tcy the explosion, or if part of the disi? is masked 
there is uncvey expjitision. A consWorahle f.mount 
of ‘power also iVi required to drive them, so tfiat the* 
mechanical efficiency is rather low. 

Valreli'KS Fnigines. — Those cni'incs in which the 
main jiistons act as valves remain to be dealt with. 
These can be more accurately described as valveless 
engines than those having valves of the typf’s svlfejidy 
described in this (ihapter. *A practice *lias arisen’ 
inipiig inamifactui’ers of lahelling Ml engines not em¬ 
ploying poppet valves as valveless : this point Vihould 
be noted ky the student in his'general reading in oi'der 
to avoid confusion. As a class, it will Ji(*found that 
valveless engines operate on the two-stroke cycle rfc- 
ferred to on page 7. 

In its elementary form, the cycle works out as 
foKo\\*s:^The mixture is drawn into the, ci'ank case 
^n the upward stroke of the piston, and on the down- 
ward• stroke tfte mixtuie is compressed therein. In 
the cylinder itself and during the first part of the 
downward s»»rol^, the firing and. expansion of the 
1 gases takes [dace,; toward the imd of the stroke the 
piston uncoverjs the exhaust port and immediately 
af^sr the inlet port. The fresh charge flows from 
the crank case and iqmn (mtering the cylinder js di¬ 
rected by a deflecting projection on tlA piston to the 
*ft)p of^the cylinder away from the'exhausting gases 
which it thus assists to expel. Upon the upward 
stroke and af^er bpth ports are covered, the charge 
is compressed.* At the end of the stroke 'the tlycle 
‘commences ovetr agtfin. 

Tift only British car to ^hich a two-stroke engine 
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is fitted is the* Vj/lveless fiiado by Messr* Ojvid 
Brown of Huddersfield, ’ffhe engine is of the U ftr 
Siphonitype, wjth two cylinderV as shswn in Pig. 35. 
The exiiaust ports are placed in the walls of one 
:ylinder A, the inlet ports in the other cylinder B, 
ind a common combustion space C connects the 
two. [nst(jad of a projection on the piston the 



Fio. ;J5.—Valveloss engine (two-lftroke). 

ifvidipg wall W serves to separate the incoming 
jharge from the exhaust. Tt will he observed that 
the exhaust from the cylinder B moves in the same 
direction as^the new charge, thei'e is therefore less 
pos’sibility (jf the two sets of gaseit nji^ing, with its 
resulttmt loss of unburst gas in^ the exhaust and 
diluted »inixture in the cylinder, than* is the case 
vithithe single cylinder type wherein the exhaust 
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and nef\r mixture have opposite diriotjpns of flow. 
Toe possibility of oxplosiofi in the crank case is also 
avoided by drliwing air only into it and lotting the 
petrol mix with the air in the induction passage 



Two-ntroke engine with differentinl piston. ' 

c ' 

A rotary valve V controls the air, and a needle valve 
N the petrol. 

The two connecting rods are attached 4 it. their big 
ends to two/oppositely revolving disks an thg rims 
of which are teetl^ which afe ip engagement. The 
ijfiafts of both disks caijfy fly-wheels, so that the 
torque is very evenly transmitted. 
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The torm iwriioh hnds, most tavour in Ffanco is 
shown diagrainmatioally iif Pig^ ^O. The cylinder is 
enlarged as at A and a two-diaSioto/or difforentjal 
piston B is adapted to work therein. The upper 
part of the piston acts in the ordinary manner to* 
uncover the inlet and exhaust ports I, 15, respec¬ 
tively, whils* the annular part of the lower portion 
draws, tluj'charge into the spaee G on the down 
Utroite, and^^pn the np stroke forces it to the port I 
of an adjacent cylinder. The space C thus takes^ 
the phijjie of the crank case in other eonstructiofis. 
The suction and pi’clinjinary compression of the 
charge is nol^depeiident on the condition of the main 
liOj):ring»i, ailB'’in this particular there is a marked 
advantage over the type employing the crank case, 
fn going into the relative torque aifd efficiency of 
two- and Ipiir-stroke engines it mist be romomhere,d 
that a direct comparison is not at present reafly pos¬ 
sible, since so little attention has been^given to the 
former, but the perfoVinances of the few ears having 
the two-stroke engines Hertainly comnarv favoutablv 
with other cars. 



CI1A1>TER VII. 

la'IILH AND GAIlUimKTTKllS'. 

•Ald forms of onerfjy nfe inj,ci'convortibl^; it i# thp 
function of the enf’ine of a motor o.ar to obtain or* 
produce heat cneif'y and convert it into mechanical 
energy. .Actually an oil ora spirit is used shy the 
engine, and burnt therein with air to ^produce the 
heat energy. 

Paraffin is the lightest of the oils, and petrol, 
benzol, benziii9and aloohols are examples of spirits. 
In the matter of»the convertibility of eporgy one 
heat uait (British Thermal Units, B.T.U.) is equal 
to 774 ft. Ib^ of work. To convert heat units into 
its equivalurit value in ft. lb. it is therefore neces¬ 
sary ,to multiply* by the valu# 774, which is asually 
denoted by thessymbol.). If 1 lb. of a fuel is com¬ 
pletely burnt* and j; B.T. Units of heat are«evolved 
in the process, then “ r ” is said to be the Calorific 
Value of the fuel. Approximate values for alcohqj, 
petrol *and paraffin arc 12, 19, and ^3 respecAively. 
When the fuel is not completely burnt the heat 
evolved is much less, so that it is desirable to tost 
for complete combustion when cxperipignting ^or 
tuning up. 

This involves a (jnowledgq of pheraistry. All sub- 
s^nces are either siinp^ substances, kne^n as 
elements, or mixtures or combinations of the elemSnts. 

. ( 60 ). 
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AmoD^ simple ejoments are uftrlwn, hydrogen, 
and iron, an'cl these are ^nerally denoted by thev' 
symbolic C, lij 0 and Fe, w,^iioh Represent unit 
#olumeS and also stand for the relative! weights’of 
equal volumes, these latter being 12, I, 10 and 00 
respectively. For example? if we wish to represent 
one volume of oxygen in combination with c«e 
volume of^fiydrogeu, wo,use the syrnlx)! OH and* 
kno^ lhatf it also stands for » weight of oxygon, 10, 
dbmbined With a weight of hydrogen, 1 unit. ,A 
symlrol such as represents a cornponud in ’ 

which fcree volumes of iron is combined with four 
volumes of oxygen; and the i-elativc weight# are:— 
Fo : 0 X (60) ; 4 x (10) = 3-375: 1. 

Petrol is a spirit made up of various eompounds 
of cailjon and hydrogen belonging t^a group with 
symbol C,,!!.,,,,.,, the prcdominant^compounds being 
hexane (C.^Ii^) and hej)tane (CyjJI,;). , 

An equation is given below which represents on 
the left- and righl#hapd sides respective!^ the condi¬ 
tion of affairs before am^ aftei- ])erfect combustion of 
hexane with oxygen. , ’ • ’ 

2 vols. (0,,H,^) -f 19 vols. (Oj) = 12 vols. (COJ 
* -e 14 vols. (H^O). 

The products are carbon dioxide and water. , 
*Now 1 volume of oxygen is contained in 44 
volumes of air, (tie other constituent of the mixture 
being nitrogen (N), so that when air is used 4.J x 19 
= 85 volumes are required, and the 3J x 19 volumes 
of N will be*found free in the exhajist, and appeai-s 
on botH sid?s of the equation. It will be noticed 
that the^proportion df hexane or fetrol»to air is as 
2 :85japproximately. 
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V'hen imperfect comh'istion occurs, as with /a over- 
fich mixture, tlie exhaust gases'represented in the 
right-hand side of the equation wif] include carton 
monoxide (CO), methane (ClI,) or trei! carton (C), 
Free oxygen (0) is present in the exhaust when the 
mixture is “ weak,” sinc4 there is not enough carton 
tq combine with all the oxygen * in the air which 
.enters the cylinder. ^ ‘ 

Paraffin approximates to dccane (('jjlf.jj),,!»ud the ■ 
equation in this case is as follows • 

2. -f 31. Oj = 20.4’0,, + 22 . H^O, 
so that the proportion of decane to air is rs 2:31 
X 4^ q- 1: 70. 

Commercial beuxol is about 90 cent toluol, I 
the formula for the latter being C.. H,. Th6 propor¬ 
tion of air, determined as atove, will be see# to be 
different from that for both petrol and paraffin. In 
s-oiifsequence of tfiis a carburetter which is suitable 
for use with one of these fuels may not act with one 
of the oth*rs without extensive, adjustments and 
alteration^. 

ISie proliortlon of air required and the calorific 
value of a fuel are not the only properties to to con¬ 
sidered in respect to its suitability for use In an in¬ 
ternal comb'iistion engine. The density, toiling 
pointy range of distillation. Hash point, as also the 
corrosive effect on the working paiis, the safe limits 
of compression, and safety in handling, all demand 
atttotion. Wtien an oil or spirit is boated up, a 
temperature is reached at which the li|htor vapours 
distil off aid at successively higher temperatures 
the heavier,vapow-s are given off. When the range 
ds.low, as with petrol, #hich is from 80° to 100° C,, 
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compfeto combustion cnn be more readily jOffoAed 
than with a'spirit which 'commences to distil at 50“ 
C. arid,.continves up to 150“. ^ Helqw a point or 
•temperJlture known as tin! “ h’lash I’aint” no com¬ 
bustible vapours emanate from the oil oi’ spirit, so 
that the applieatiou of a naked light is not attended 
by combustion. At and above this point combus¬ 
tion would^fesult, consequently the higher the flash 
poiqf^he greater the safety., 

^ * When a ||as is comp'essed the temperature rises, 
and the temperattre may be such that it the ^as 
is a mixture of a combustible spirit and air, self- 
ignition takes place, and in an engine co>ild take 
place beforcjlie spark is produced at tlu! sparking 
plftg. ^his pre-ignition occurs at dill'erent compres¬ 
sion pressures for different fuels, and in order that 
it shall not occur under working conditions the 
highest designed compi-essiou for a petrol engii.a is 
about 95 lb. and for an alcohol engine should be 
about 210 lb. • '■ 

In the approximate equation for petrol, the ratio 
of petrol to air was 1:42'5. No\^ with a "Areak 
mixture of say 1 : 43 up to a rich mixture of t: 42 
and between these, combustion can be effected in an 
engine, whereas none takes place outside these; pro- 
pbrtions, that is the engine “ misfires ”. The,varia¬ 
tion of 1 volufhe of air (43-42) compared with a 
mean volume of 42’5 (expressed as a percentage it 
is 2'4) is small and calls for very delicate design of 
the carbvftAter or other apparatus supplying the 
mixtufe. *A spirit in which the air range is 6 per 
cent would be muoh'easjfer to deal with, 

Ct^rburelters. —In the preceding paragraphs it Iiaa 
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)P(5A ascertained that the vaporized .matter required 
k definite supply ol' air for its complete cornhustion. 
t is the funptfon o{ 'a caihuretter to supply- to the 
ulgiiie, under all conditions, this correct proportioif 
>f air and {^as. Jt has further to produce vaporiza- 
ion. Ill designing a Aarhuretter to possess this 
function, the various properties of the fuel must be 
■considered, ahil in additior, it must he boyie in mind 



that the engine of a motoi' vehicle works undei’ 
constantly varying loads due to the nature of the 
road surface, gradient, speed of the oar, weiglit, and 
so on. The reason for noting these factors is that 
the engine, as will be seen later, draws in from the 
carburettor a mixture the quality of which varies 
with the ,'the load, etc., and this variafion 
should be in accordance with the requirements of 
the engine. * 

(iarburettera in general are possessed of two<nain 
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parts, one being thb constont level reservoir or floi^ 
chamber and the other the niix.ing chamter. In its 
elementary form the float ohamiTcr A, illustrated in 
b’ig. 37, is snpplied with fuel from a tank, either by 
gravity or under pr(«surc, yast the needle valve B. * 
A collar on thc«valve spindle contacts with t^o 
levers a, which in turn are moved 1^ the sealed, 
brass di inffor float (1. \Vhen the liquid reaches a 
pi'e-delermij^ed height tjre float rises, and through 
the medium of thij love.i-s a positively moves the • 
needle yalve down on to its seat to cut off file 
supply* The reservoir A. is in open commu^iication 
with an uptijf-ned jiipe M, into which is screwed 
ipppla 1*1 Having a very small holi! bored therein. 
Surrounding the nipple is a funnel-shaped member 
N, usually of copper, known as the cJioke-tube, the 
adjustmont^of the conical piortion*of which relahiii* 
to the nipple determines the available annulaV Area 
for the passage o^ air. The tube is s» positioned 
■that the cross-section of minimum valud is at the 
level of the top of the nipple as the induUqil air then 
moves with its maximum velocity af this posilion 
and moio thoroughly mixes with and vhporizes the 
fuel. Between this tube and the indyction pipe of 
the engine to which it is attached by a flange; con¬ 
nexion T>r union »iiut, is the throttle valve E which 
determines the volume of mixture admitted to the ■ 
cylinders, and which is operated hj; lovers by the 
driypr. . « 

In ci^isidaring the action of the’catlrurctter, first 
suppose the throttle valve- to lie clo«ed, ayid that the 
Iqvel of petrol in the iiipple»E is at the top. TJJie. 
pressure pf air in the choke-tube will then be,equal 

• .5 t 
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to that' of the atmosphere with 'which it is in free 
communication. 

■ Now assum.e the engine to bo tamed, eHher by 
hand or under power, and that the valve B is grad¬ 
ually opened, air will bn drawn from the induction 
pipe and choke-tube on the suction stroke, so pro¬ 
ducing a fall of pressure around the jet, with the 
result that petrol and air is also drawn ''Ju. Above 
the petrol in the float-chamber the pfi^ssnre is al¬ 
ways atmospheric. The higher the speed of the 
engine, the lower the pressure in the neighbour¬ 
hood o( the nipple, and it is found that the propor¬ 
tion of petrol to air is greater. , 

The tendency should be the other "way, as at the 
higher speeds the mixture can be slightly '•'eaker. 
In order, therefore, to obtain the correct proportion 
.^bsii simple form of construction just described has 
to be modified, the modifications consisting in:— 

1. The provision of valved extra-air inlets. 

2. The use of multiple jets.' 

1. The provision of means for varying the area of 
the jet orifice. 

4. The provision of means for altering the height 
of the ohoke-|ube. 

The extra-air inlets are placed in the induction 
pipes either between the engine and the thfottlo or 
between the throttle and the main air. In the 
former case by closing the throttle when the oar is 
going down hill, and opening the extra ajr inlets, air 
only is supjplfed to the cylinders for braking,,with the 
result that the rjngine is cooled and the petrol is 
saved. In the latter case, the valve maj be hand 
controlled or automatically controlled in aoodrdanoe 
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with the suctiSn of the engine or in accordance with? 
the spocij. A oai-buretter in whi'ci^ the auction effects 
tte contAil is shoVii in Fig. 38, the unflor side of tlie 
piston A lieing in direct communication with the in¬ 
duction pipe B. This pistoif has a number of ports 
0 which can co-act with porta I) in the wall of tllb 
carburetter to* allow air to .pass to the‘pipe B. A 
light spianj*Fj of adjustable ienaion is fitted which 
tends to kcejAthe valve in'its upper and closed post- 



« 

Fin. 38.—Carburetter with automatic extra-air inlet. 


tion. The main supply of air enters a» F and the 
cholte-tube is formed by the interior walls of'the 
carburetter. At !ow speeds, the suction is small 
and unable to overcome the spring B, so that the 
ports remain closed and a rich mixture* is obtained. 
As th« speed'of the engine rises, the suotioS increases 
and the vftlve ftioves down against the spring, so that 
the ports D gradually register with eaoh'other and 
air is dt^wn in to dilute the rich mixture passing intS 
the .choke-tube froip the directing of the jet G. * 
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•' In the second class qte constructions which are 
nothing moiy thap tfwo or more pla;n carbijretters in 
one casing, admail jet with its own'choke-tfibe whifh 
provides a rich mixture being used for starting and 
slow running, and the other jets, which give weaker 
fbixtures, being bi ought into use In addition to or in' 
place of the first jet fop higher spedds and loads. 



There are forms in which the jets have a conSmon 
choke-tube, the jots being opened'up successively, as 
is also the air inlet. 

The best known instance of a jet with a variable 
orifice is I that used in the White ''&• Poppo car¬ 
buretter. The upper part of the jet'tul)# is conical 
and is liored eccentrically'as at A. A similarly 
'bored cap G, Fig. 39,''re8ts thereon. This cap forms 
pai't of a casting .which acts as,a throttle valve,and 
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kir inlJl control* Any tnoTomont of the tjjrwle, 
over, therefor?, results in’^i movement of the cap.* 
When t^ throttVj is closed, tho'hgles ^ and B are 
wt of register anS the effective area ot*the jet orifidh 
.3 nil, but as the throttle is opened so the holes A ^ 
ind B get into alignment anfl the effective area in- 
jreases in the prodor proportions. In another form. 



the variation in the jet orifice is obtaintri by using a • 
tapbred needle valve A, Pig. 40, which projects* into 
the jet B. This Valve is attached to a bellows or ^ 
float 0 the interior of which is connected by a passage , 
D with the induction pipe B. The vitrying suction 
of thf) engine hn the bellows conseqgpntljl moves the 
needle A in *and out of the jet B and alters the 
effective ^rea. By pAperly calibrating •the valve, 
that is, by experimenting and obtaining values fbr 
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di'iT3rqat diameters as ut AA, BB, CC, Pig.'41, the 
tsorreot quantity of petrol can pass from the jet at 
all speeds. , ^ ‘ r 

' In the actifal carburetter, the jet and axis of the 
bellows are inclined 
at 45°, the claimed 
advantage of which 
is that variation in 
the heigiit ■ b{ the 
liquid level in the Jet 
tiocs not alfect the 
proper working. The 
author saw some ex¬ 
periments with one' 
of these S.U. caAur- 
etters which without 
adjustment gave 
equally good results 
on petrol, paraffin 
and benzo?. Between each trial the float chamber 
was emptied aqd the connex,'onawith the fuels changed 
ovqr. A‘dynamometer and a tachemometer, both of 
the direct-reading type, were used to give comparative 
results. 

. The inverse of the last-mentioned modification 
consists in making the choke-tube adjustable,*■ in 
which case the annular opening fir air passage im¬ 
mediately surrounding the jet can be altered. As 
the jet is of cbnstant size a ready means of altering 
the richnesii of the mixture is obtained." ' " 

The mixing chamber is sometimes fincloked in a 
jacket through vvhich is by-pdssed warm water from 
' the cooling system or'hot gases from the qxhaust 
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pipe, tie ohjjct bejng to w&rm up the mixture*and 
assist io the vaporizing of "the fuel. With the samS 
object i* view, the air intake ht» onisomo engines 
been placed in close proximity to the* exhaust pipe. 

In those engines with the valves on one side the 
practice has arisen of fitting the carburetter on the 
opposite side and 
casting the jnduction 
pipe integflil with the 
cylinder oastiig in the 
manner illustrated ifi 
Fig. so that it 
passes through the 
water jajket, Setwoen 
the^airs of cylinders; 
in this way condensa¬ 
tion of the petrol 

vapour is* avoided. t , 

The cylinders are off a White and Poppo engine. 

A not unimportflnt Jeaturo in the sinool;}] running 
of a multiple cylinder is Ahe method af arranging the 
induction pipes so that each cylindorais equal Ij* fed 
with fuel. As far as possible the length,of the path 



Fio. 4*2.—Imluction pipe in¬ 
tegral witlf cylinder oaati^^^ 



Vio. —Arrangement of induotion pipes, 
to each cylinder should be the same, atf example of 
this shown in Fig. 43, the branch Ij of the indfic-* 


72 MOTOR CAB KECHArflfiM 

tioif’pipe leading to thb valve ohambei' con^ion to 
the inlet valves Aj, A, of the first two cylinders and 
the other bi-aitch to the valves A^t A^ of the other 
two oylinders^ A bad arrangement for a' similar 
engine is shown in Mg. 44. A disturbing factor, the 
value of which cannot Be readily determined, arises 
from the existence of periodic wave motions in the 
induction pipes. These motions have (.he effect of 
starving one or two cylinders, but the magnitude is 
not very great except at certain criti(/al speeds of 



Fio. 44.—A faulty arrangement of induction piping. 


anddoads bn the engine. To prevent these surgings 
and maintain an even suction in the induction pipe, 
spiral obstructions and chambers similar to the air 
•chambers of t4hter pumps have been tried. 

Whlin the petrol flows by gravity from tlje tank 
to the float chamber care must be taken as to the 
height of the tank relative to that of the carburetter 
on the chassis,'as one has to remember that when 
the oar is going up hill there is a tendericy for ‘the 
supply of petrol to be cut off, owing 'to the new 
relative position. For the same reason {he float 
bhifmber and the mixing chamber should be sCt 
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crossvlj^e on the chassis as*there is then no ^iahftity 
to flooding or starving th^jet when the oar is not ofi 
the lev(S. 

• If splice under the bonnet is a consideration iftid 
the float chamber has to be placed in front of or 
behind the jet chamber, it 'should be placed if pos¬ 
sible in front so* that the level in the jet is railed 
when the^car is olimbipg. If the jet level is 
low^ed ^hen the oar is climbing the engine may 



stop, which possibility is the reverse ^of desirable. 
In the arrangement with the float chamber in front 
and the car on the level, the petrol liwel in the floaji 
oJiaml^r and jet would be at A-A, Fig. 45. ‘When 
going lip hill, tho level is shown by the dot and 
dash lino C-C, Fig. 46; and for down-hill work by' 
the level B-B. Even with the crosswise arrange- 
mant, if the oar is left stationary,on Ihe camber of 
the rotd Idbs of petrol through the jet overflowing 
can oo^ur. * * • 

• WJiere the petrol does not flow by gravity to'thb 
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floaiti cljamber, the pressure of the exhaust oi^of air 
sfiipplied by an air pump' is utilized to foi;ce the 
petrol to the flpat cjiamber. These af,'stems to away 
with the possibility of failure of supply when' the oar* 
is on a gradient. 

Symptom. —Flooding,' the term used to indicate 
leakage from the jet, can be caused by setting the jet 
too low in reh'tion to the level in the float chamber, 
the remedy being to use.a longer nipple of to insert 
' > 



a washer at the base of the existing nipple. A 
needle valve, in want of re-grinding, by imperfectly 
glosing on to ita valve seat will allow leakage, and if 
the float, toggle levers, or valve rod get jamcped in 
any way when the valve is off its seat a leakage will 
‘ always occur. Beside this leakage, which may exist 
when a car is still, violent oscillations of the needle 
valve take plate wjien a oar is moving over'a bumpy 
road or an eng'ine is vibrating badly. Ih thb run¬ 
ning of the engine, a rich miiture will ei^r the 
cylinder, resulting in a tendency to overheating„and' 
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a laUk of pooelerating p(»wer will manifcjst *Si^lf 
when tne throttle is opeded quickly. • 

A rjfh mixtsre, not due to ^oodijig, before it is 
cured, Vill call for the substitution «f a nipple ^ith 
a smaller orifice. 

A weak mixture not irtfrequently is due to the 
presence of air finding its way into the induotioff" 
pipe through badly made Joints ; and.where an aux^ 
iliayr spi^ng-oontrolled air-inlet is used through the 
'spring beii3|g too weak.* The size of the jet ojifice 
can be increased *s one means of getting a norpaP 
mixtuJB. With a very weak mixture, the charge 
burns slowly and may last until the i»let valve 
opens for ag fresh charge to enter the cylinder, in 
which case the new charge is fired, the slight explo¬ 
sion passing down to the oarburelte|^ a phenomenon 
known as “ popping ”. , 

Irregular action of an engine, the ignition'jiiSldg 
perfect, is due either to spasmodic choking of the 
fuel supply, or due,to “ freezing ”. fClio latter can 
be cured by warming^the air supply either by the 
exhaust gases or by the circulating ^^tew , 
Attention is now being directed to, means other 
than the use of the suction of the engine for supply¬ 
ing the fuel, but with engines usingi spirits or light 
dils np success can as yet be recorded. With heavy 
oils, and in tfle larger engines used for stationary 
work and marine propulsion, forced feed is sue 
cessfully employed, and no doubt in time smallei 
engines will follow suit. 



CHAPTER Vm. 

liUBllICATlON AND LUBRICATING SYSTEMS. 

‘ 

Whjsn one surface moves relatively to anoAier friction' 
Boours and the work done in ovet coming friction is 
changed into heat energy. In order to redune the 
friction and the consequent wfear in the moving parts, 
these parts are lubricated by maintainijig a film of 
oil botwecsji them. So far as we are at present coli- 
oerned with the Rubrication of the engine and iA ac¬ 
cessories, the pairs ol moving parts are: (1) the piston 
artdH^inder walls; (2) the small end of the aonnecting 
rod and the gudgeon pin; (3) the big end of the con¬ 
necting rod qjlid the crank pin (4^ the crank shaft 
journal and the nqain bearings; (5) the cam shaft and 
its bearings < (6J the driving shafts of the pumps and 
magneto and their bearings. 

The systems employed whereby all those parts are 
effectually lubwcated are three in number and 
comprise:— ‘ 

1. Splash. 

2. Pressure or Mechanical. 

3. Combined splash and pressure. 

Splash .—Trtis is^ the simplest and cheapest of the 
three systems. *[0 this case the crank easels supplied 
with oil into which‘the big ends' dip and throw the 
oil up on to the cylinder walls and interior of,the • 
(76) 
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pisto^o tbe guflgeon pin. The oil whicA ilraing 
down'^8 directed to the main hearings. 

Sonvitimes ^e piston has ledges fir collecting oil, 
which then passes through holes in the piston to the 
cylinder walls, in other cp,ses a projection on the 


under side of the top of the piston collects the oiL, 
and directs! it to a hole in the small end of the con¬ 


necting jdfl whereby thh gudgeon pin receives its 
tlubficating^oil. , 



Fig. 47 gives a construction of jiiston providing 
•both these features. The oil droj)s from the point 
A an^ gets totthe gudgeon pin through a hole in'the 
small end. From the bottom of the ledges C c4J» 
passes through holes D in the piston walls B to tl* 
qylinder.wall. This construction is ifircly used now 
ainc%ligl4 pistons are more impArtant. 

Owing to the fivit that a considerable amount of 
oil gets past the piston rings into the upper ]jart, of 
the cylinder and is then burnt up, the oil in the crank 
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case'must be periodically, repletiished^ thj/being 
usually effected by means of a hand-pump jituated 
on ^the dashboard. ' The pump has u two-wjy cook 
which enables the oil to be drawn from a tank and 
forced into the crank ca3(j. The great disadvantage 
^f this system is the lack of uniformity, the engine 
being probably over-lubricated at the time a fresh 
charge is put into the orank ease, with acobpipanying 
smoky exhaust, and undor-lpbricated by^thc tirie 
further charge is given. , 

Pi mure or Mechanical. —In this system oil isjorced 
to all the working parts by,.a pump, the oirbeing 
drawn from a sump in the lower part ^f the crank 
case and forced through a tell-tale or mdioiltor cn 
the dashboard to the main bearings, whence it p».sses 
through the crafik shaft to the big ends, passing to 
tlie„gHdgeon pin aifti then to the cylinder lyalls from 
which it drips back into the sump. The method of 
' carrying out »the system varies, in^ some cases the 
connecting rod is drilled, in others the rod carries a 
small copper pipe' for conveying the oil from the big 
ends to the gudgeon pin; again, the crank shaft is 
hollow in some constructions whilst in others the shaft 
is drilled, the ends of the ducts being carefully 
plugged^ ‘ 

The advantages of the pressure system are: (a) the 
possibility of using smaller bearings; (b) the oilways 
are less liable to be choked or stopped; (c) regular, 
regulatable, sn^all quantities of oil can be used, so th»t 
over-lubricatingiddes not take place. The disad¬ 
vantages are; (a) aay failure of ,the system is liable 
to.prjduce complete breakdown of the engine; \b) the . 
viscosity of the oil and the pressure varies with the _ 
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tempeS^^re ;> and *(c) the amount of oil getting to 
variouBf^arts depends on 'the condition of the main 
bearing^; if thetpresaure is high tinou^h to maint%iu 
a film of oil when the bearing is tight then too much 
is thrown off when the bearing is slack, and vice ’ 
versa. 

CombinedtSplash and Pressure. —Only the main, 
bearings supplied with oil under pressure, the oil 
passftig fre^y from thqm lo troughs into which 
scoops on tne bijj ends dip and thus spray "fhe , 
cylinder walls and remaining parts. The troughs 
are keipt full, so that a,uniform lubrication is ob¬ 
tained, the OTOi'flow passing to the sump from which 
th^ pump oolains its supply. An improvement is 
ohtaised hy coupling the lubricating regulating 
means to the throttle, so that the^supply is ap¬ 
proximately proportionate to the* load. One ..easy 
method consists in fitting the troughs with veftidally 
moving weirs operated in common with»tho throttle, 
thereby regulating the depth of immersion of the 
scoops. A similar metfiod consists* in pjvotin^ the 
troughs at one end, and raising or lowering the free 
end hy rods also coupled to the throttle Bontrol lever. 

A drain cock must bo fitted to the bottom of the 

• • 

sump and a second cock can be used as an ovgrflow. 

Thi# system js illustrated in Fig. 48. It will be 
noted that the leads to the main bearings are partly ; 
pipes and partly ducts in the supporting webs. 

^iv}rric(\ting Pumps. —Two main tyfos are used, 
the geared pinion or Roots Blower* and the piston or 
plunger type. , • 

The geared pinion type shown in Fig. 49 is drjyen 
by a Vertical shaft and helical gearing from the cam 
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shaft, pur«p being placed at thb bottom‘of thi 
sump. -Atopic provision for filtering th'o oil and as 
float inoftcator afie provided. Thdbo pAmps are vety 
satisfactory when operating under small suction and 
in positions where they are always primed. 

^ The cam-operated plunger pump, of which type 



an example is given in Fig. 50, has atoonsideraRle 
vogue. The plunger A is hollow and sontains a 
spring S which effects the outward and suction 
stroke. The cylinder and valve casing If are integral 
and bolted to the crank case C on a level with the' 
cam shaft. The crank case is civst with ducts D 
which form the delivery passages to the main 
bearings. Ball suction and delivery valvs^ are used. 


0 




CHAlTElt rx. 

JIACiNETOS A^D ACCUMULATOlli!.. 

Tiik charge ot gasoa is fired olgotrically by a spark 
wtiich is produced between the points of a ^parking 
plug, ^t the present time the high-tension iflagneto 
is almost universally employed for ,ol)taining the 
supply of electricity, although an additional soiiroe 
is obtained from an accumulator. , 

It is now proposed to briefly describe and indicate 
tkc functions of the main element of the magneto. 
One of those elements is the magnet which for the 
sake of con -enience takes the forni of a horse-shoe. 
It is made from special steel which combines the pro- 
perUy ot steel for retaining its magnetism or remain¬ 
ing “permanent,” and that of soft iron which can be 
more highly magnetized but loses its magnetism 
more quickly. The magnet retains its magnetism 
as long as the armature, or a keeper of iron, con¬ 
nects up the north and south polps. By placing 
two or three magnets side by side, each ot which is 
laminated, i.o. made up of thin strips, the complete 
magnet is lejis liable to become de-magnetizod. Soft 
iron pole shoe: which enclose the armature are bolted 
to the poles of the magnet. . 

The armature is of H section, made up of thin 
sheets which are insulated from one another to pre- 
1821 
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vont c%is3-flm'reftts (or »>iirgiii<'s) from oxisfing, ajd 
are bolted to ond plates whiclfhavo spiudlos adapted 
to rotSife iu ball-bearings. Th5 arj^iature is tsued 
up in a latlio so that the gap between it and the 
oylindrieal surfaces of tlu^ pole shoes is as small a* 
possible, about , J,, inch. Upon the armature Jwc 
sets of wiraaro wound, one, the primai'y, consists ai 
two or three layers of silk insulated copper wires, 
;indHhe otl^pr, the secortflary, consists of about forty 
layers of much finoi- wire, superposed on the primary* 
layers.^ The layers are insulated from each otfier. 

A seeffion showing the ^ ^ 

from a maximum tb 

a minimum twice per * ^ •/ 

revolution, and this ,,-^ 

variation (iroduces an * 

electric current of small electro-motive force (E.M.F.). 

,By suddenly breaking the primary circuit ^ very 
high KIM.F. is moiuentarily generated iu the secon¬ 
dary ci'ccit. Forming part of this circuit is the* 
sparking plug. The air gap between the plug (loles ‘ 
has^ a great electrical resistance and lean only be 
bridge^ with a formation of a liok spark at the 


moment of the existence of the high B.M.F. If 
therefor# the contact-breaking device of the prin^ry 
circuit be mechanically operated at regularly recur- 
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ring'mtiirvalB, then a spark wIUtIso ,ho r^alarly 
produced. The “make 'and break’’ device or 
ccmtact breaker is 'mounted on or'driven 'off the 
armature spindle. 


, The condenser is made up of tinfoil sheets insu¬ 
lated from each other, alternate sheets being earthed 
or connected to the primary winding, ^t is used to 
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« iFio. 62.—U.H. magneto. 

obtain a more rapid and complete break. Wken the 
primary circuit is broken it would not ordinarily be¬ 
come instantaneously zero, hut when a condenser is 
fitted the curyent is more rapidly ahsorljed in the tin- 
foil and a coiidition approaching an instautane'ous 
break is obtained.. 

' 1^16 seconbary circuit is coupled to the spindle of 
a distributing device consisting of alternate metal 
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segme^l^ ani in^ating material, whereby in engm»8 
with fnote than one cyiinder'the sparking plug of 
each cylinder « connected up in i^ proper filing 
order. 


The speed of the armature for three-cylinder" 
motors should be three-(juartcrs the speed of the 
crank shafts for four-cylinder motors^ the armature 



D, safety nap ; E, condenser; F, contnet breaker; 

G, primary circuit; II, 8econdn.ry circuit; I, 
j earth or irame circuit. , 

should ^e driven at the speed of the crank shaft; 
and with six-cylinder motors at one and a half 
times the speed of the crank shaft. 

TJie U.IJi. magneto which is shown in Fig. 62 
gives tie parts, already referred to* in their as¬ 
sembled positions, and in Fig. 63 w,p have the 
vnrious details of wiring connexions between Rie 
magneto, distributor, and plugs. 






H(j MOTOR t'AR MECHANTfiM 

, The following description of tlie npagn^O, the 
method of timing, and of locating troublesrin mag¬ 
netos has heeni^upplied by Messrs. Sl' Wolf ilS Co. 

Assuming the magneto to be fitted with timing 
'adjustment, first set the tjming lever to full advance, 
by, turning it round as far as it will go in the 
opposite direction to that of the armatig e’s rotation. 
Turn the armature round' in its proper direction, as 
indicated by the arrow, until the platinum contacts 
1 move apart; this brings the armature into the 
correct position for full advance of ignition. Now 
look through the openings in the distributor, phte 33, 
to see on which II.T. segment the dish ibutor brush 
is; note the number of this segment,'Vhich corre¬ 
sponds with the number on the upper edge pf the 
distributor pla^fi, and connect the plugs of the cylin¬ 
ders-by their cablSs to the magneto in the order in 
which’^they are to fire, so that the numbers on the 
upper edge «Df the distributor plate correspond with 
the numbers of the motor cylinders. Then that pis-, 
ton Vhose„cylin'iier and plug are connected with the 
H.T. segment' and distributor brush is put into its 
position of full advance ignition; the driving wheels 
are then put properly into gear and the toothed 
wheel is tightened up on the armature spindle.. 
The contact plugs of the distributor sue then 
connected with the ignition plugs by well-insulated 
rubber cables of not less than 9 mm. diameter, and 
the short-cifeuiting terminal 27 is connected by a 
mbber-insulatod 'cable of not loss than 5 ijim. dia¬ 
meter with a switch, one pqle of which must be 
oo/inected with the frame. " 

Begard must always be had to the direofion of 
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rotation. If thiAi^ for rii'Hl-hand drive'(clojiki»ise), 
the posiS'on of fufl advanoe igmtion is that in which 
the armature ifi»l inm. from tho Jeft-hand pole shoe. 
On the'other hand, if tho magneto ts for left-hand 
drive (anti-clookwiso), the position of full advance 
ignition is that in which the armature is I mm. from 
the right-hand pole shoe, and in this position the 
gear wheel or coupling rmjst he tighteaed up on the 
spindle, assuming tho mot*r to have been set as 
above oxplatned. * 

GtiUing off' Igttilioii is effected by a swijph. 
Whei\*the switch is open, the magneto is ready to 
work; when the svvitth is closed, tho ‘primary 
windinu of Ijfe armature is short-circuited and tho 
mfUl’ncto is put out of operation. 

Sf^’etg Spark Gap. 43.—This provides a path for 
the escape of the high tension ourijpnt if the magneto 
should he(K)me accidentally disconnected frqp^ tlie 
plug, or it the electrodes of the plug should be too 
far apart. The niagpeto must not, however, be run 
for any length of time,with the spark discharging 
across tho gap. 

Contact Breaker .—This consists of thj) interrupter 
11 with platinum points 11a, and tho adjusting 
nut Ilf). 

‘The^ontact-hreaking mechanism is subject'to no 
wear, as there arc no pivots, and all screw threads 
that could give rise to defects by working loose are 
avoided. 

To adjust the make and break,, first slacken the 
contacifbrcaker fixing screw and draw the contact 
breaker^ut slightly. * Then turn tho notched adjust¬ 
ing But Ilf) at the back of the contact breaker to- 
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wai'Jsithe right or the ^eft as reqiiirecj, by Kteans of 
the spanner key, unt'l thd right amount o?'interrup¬ 
tion is secure^ at the platinum oonljicts llu'. After 
the contacts have been adjusted, tighten up the screw 
again. 

Locating Troubles .—Irregular firing is generally 
due to there being too great a gap bet\Yeen the elec¬ 
trodes of the'plug, assuming of course that the cable 
connexions are in ordof. The elcctrodeji should not 
bef -jore than 0'6 mm. apart, and this luatter should 
be put right if necessary. ' 

If the firing is still irregular or fails, proceed as 
follows 'to examine the magneto for proper action. 

Disconnect the igniting plug cables ^ om terminals 
1, 2, 3, 'i, and the switch cable from terminal 27, and 
by means of p'ug or clip contacts connect wires to 
terminals 1, 2, 3,*4, and place tbe ends of the wires 
close .to the magnets, so as to form a spark gap of 
about 1 mpi., the timing lever being set to full 
advance, i^J. in the end positiwi 'opposite to that of^ 
the direction of'-rotation. Wow run the magneto at 
not'iess than CO revolutions per minute in the direc¬ 
tion for which it is built. If sparks pass at the 
spark gaps by the terminals 1, 2, 3, 4, the magneto 
is in order, arid the trouble is in the plugs or in the 
dwitoti or in their connecting cables. Thc'-part in 
which the trouble lies can easily bo found by chang¬ 
ing. On the other hand if no sparks pass at the 
spark gaps by the terminals 1, 2, 3, 4, the magneto 
requires attending to, and the platinum contacts'lla 
of the contact breaker 11, the carbon brush holder 
12,^its brush' and collector ring 5 should be cleaned 
with pure petrol. Also remove the distributon plate 
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33, aii!^ clean tlA.contact Segments. If, aft^r ^eee 
parts been'thorou^ly* cleansed with petrof, 
dried afld projierly replaced, ths magneto still fails 
to worfi correctly, the winding is fit fault. If it 
should he nocossaiy to dismantle the magneto, pro-^ 
ceed as follows ; Remove the gear wheel or coupling 
by means of a wheel-dismounting tool, and unscrew 
the carbon^ brush holdei; 12. Then remove thd 
covc^ 7 fro^m the bearing, •take out screw 10 and 
remove the'contact breaker 11, unscrew the distri¬ 
butor plate 33, ahd remove the distributor gpar* 
wheel.* Then unscrew the rear hearing and draw 
the armature 3 carefully 6ut from the pole shbes. All 
the pa^ts shSuld then bo c,aretully examined and 
cldkined. Owing to the design of the magnet frames 
it is not necessary to short-circuit poles with an 
iron plate or bar when the armature is removed, 
but care should ho taken that the magnet f(a(po is 
not in the neighbourhood of masses of iron, as other¬ 
wise loss of magifetigm occurs. To reassemble the 
parts, proceed in the re^rso order te that deso|;ibed. 
The fixing screws of the bearing emuSt be •well 
tightened up. Befoie screwing in the pirlxm brush 
holder 12, see that the carbon brush moves easily 
in its socket, and also that the carbmi brush of the 
switch* terminal 27 on timing lever or cover 7*workB 
easily, so that a good rubbing contact is ensured. 

Accumulators. — Accumulators, or as they are 
sometimes called “ Storage batteries V or “ Secon- 
dafy cells," have the power of ^to^ring electricity 
after having been charged therewith and of giving 
out sue]) charge as may be required. • 

■ Tlie lead accumulators comprise a number of grids 
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or ^'ates coataining in a pasty forrf either lead oxide 
(positive plates) or red ‘lead (negatif/e pl*ate^ These 
are placed in a ceUuloid cell and impiersed in dilute 
sulphuric acid/ The density of the 8olution'’i3 about 
1-2. When completing the solution pure distilled 
water or acid should be'addod until a final solution 
is'Obtained of the required density. Each cell when 
■fully charged is under a pressure of two volts, so 
that two are usually connected in series tt give four 
vq)ts. The rate of charging is about,'six amperes 
' per square foot of positive plate jurtace. 

In order to convert the low voltage, or 
into the< higher one necessary tor ignition purposes, 
an induction coil is used. This com^t'ises two sets 
of windipgs on an iron core similar to the windings 
on the armati^re of a magneto. The “ makh and 
break,” condense^, and distributor when fitted are 
klso "similar. Most coils have a trembler blade 

ft ** 

fitment which operates in a manner analogous to an 
electric bell.*' 

V 

There is a sedond type o^' accumulator which has 
onl^ recently* been perfected. The plates are of 
nickle hydrate and iron oxide contained in a steel 
shell and immersed in a solution of caustic potash. 
'These alkalini cells are stated to bo capable of veyy 
rbugh mechanical and electrical treatment tvithout 
being materially injured thereby. They can be dis¬ 
charged by short-circuiting across the terminals, or 
can be chargud at ten times the normal rate of dis¬ 
charge and wiD not be affected, in which respect they 
are very much superior to the first type. They 
ha^, howei/er, a working E.M.F. of only aibout 0-9 
volts per cell. 




CHAPTER X. 

COOLING SYSTEMS. 

Of the heat \»hich is generated in the cylinders,jjart 
passes away with thi exhaust gases, part is converjjpd 
into useful works, and the remainder, about 35 to 40 
per cent, passes by radidtion to the cylinder walls, 
from wjjich it has to be carried away in order to 
prevent overheating. 

Air .—With small-powered engines^ radiating fins 
are cast on the cylinders over which air passes and 
takes up the heat. The current of cooling ai/"may 
bo produced by the passage of the ear through the 
atmosphere or ma^lxiinduced by a tan. .With small- 
powered cars this form^jf cooling is fairly efficient. 
The great objection to air cooling aris* tr«m th£*tact 
that when a car is climbing so that the pngine is de¬ 
veloping its maximum power and the speed of the 
car is low there is a tendency to overheating. 

Wakr Cooling .—When water is used as ths cool¬ 
ing medium, it is circulated through water jackets 
surrounding the cylinders, either by a pump or by' 
thermo-syphonic action. The heat taljen up by the 
water is dissipated by passing thp water through a 
radiator. When a pump is used, it is situated near 
the botfesm of the rftdiator, its deliver}* pipe passing 
£o the bottom of the jackets. The water is punlped 
(91) 
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rrcn ^ihe Dottom of the radiator'^.iroygh jackets 
' and thence hy pipei^ to tile top ol'^the i’ad%or. The 
pum]) is usiii^lly driven off the end'of the cam shaft, 
or by skew or like gear from the timing gear. 
Fig. 54 is a diagrammatic sketch of such a system, 
the pumj) A has a d<'livery pipe B which branches 



to the pair of castings F. The pi|)n C goes to the top 
of the radiator 14 and is connected thereto by rubber 
or other flexi,l)le tailing. The, radiator has a filling 
cap E and drain plug G. 

There are six types of pumps in more or loss 
common uso:— 

(a) The Boots' Blower or geared pinion such as 
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that illustratod^n it. 49, Chapter VI [ [. The ca^iadity 
of such a t\mp varea aa thV spefd. 


f [j-,. 

! 


KUJ 




t'm. 55.—Ccutrifugiil pump. 


(fj) ItK! Centrifugal Pump as illustrated jn et\d 
view and aset^iial front view in I’lf^ 55. The 



Vm. 5H.—Kocentric disk pump, 
capacity of this type of pump, after a certain speed 


94 


MOTOii CAR MECHaKiRM 


^ haS bean exceeded, vajies approxljf'iatojy as the square 
of the speed. < ^ 

, (c) The E«cent1 1 'c Disk, with sliSiiig piston. This 
type has been illustrated in Tig 5(i. The pistons 
are carried by a disk w.hich is eccentrically mounted 
in the pump casing and are pressed by s))ringa against. 
the casing. The hollow part between the disk and 
casing is thus divided •into two parts alternately 
connected with the suctiov and delivery orifices. , 
The Helical or Screw Putri)). This has the ad- 
Ytmtage that if the pump stops working the system 
will automatically become thermo-syphonic. '■ 


('„) The Diaphragm Tunq). This reipiircs no gear¬ 
ing to drive 'l, a spring-controlled diaphragm being 
operated by fluctuations of the exhaust pressure. 
No British car has been fitted with this form of pump. 

Thermo fSt/phon Circnlation .—When water is heotod 
it expands and its density decreases, so that ill a closed 
system warm water tends to flow upwardly and cold 
water downwardly. This jihysical fact has been put 
to practicaK use on oars. By connecting the upper 
part of the cylinders with the upper par,t of the 
radiator through largo pipes, the warm water in the 
jackets rises’to the radiator, is there cooled'.uid sinks 
to the bottom, whence it passes to the bottom’of the 
( 
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cylinder jacK«8. ^no lorm upiaKo. for n m(fnot)ld(^ 
engine isXis shown in E*ig. 5f. It is secured to 
the castigg by fdlir studs and nut^. 'Jhe pipes mgst 
be largo so as to impede the flow of water as little 
as possible, b’or the samck reason any change in 
direction must not bo abrupt but produced by gradual 
change. 

It may be‘noted in passing, that it iTas been pro- 
ppsed«to disi^nso with a (pdiator and cool the water 
by using airVhich is drawn by the water cifllflit 
injector jiction. 

Radtalors .—There are two kinds of radiators:— 

1. Hon ycognb. 

Tube.' • 

In igdiators of the first kind, the water is c(Jhtained 
in thin cells, air being drawn through tfle honeycomb¬ 
like spaces between the cells. A Very large smface. 
requiring the use of a smaller quantity of eftefling 
water is the principal advantage, against which can 
he sot the liability to leakage at tho cell joints. 

Tube .—These oomprisiVa lower and an 
connected by a number of vertical tuties 
that shown in Fig. 64. When there arif side tanks, 
tho tubes are horizontal. The water flows through 
th^ tubes either in series or in parallel,*the latter be¬ 
ing the Ihore usual arrangement. In the majority ot 
oases, the tubes are provided with fins, which are 
soldered on or are pressed on, their function being to 
provide a larger cooling surface and assisf in radiating 
the heatg 

Usually the radiator is placed in front of the 
engine, b«t tho practice is growing of placing it^at 
the re^r of the engine, immediately in front of the 


uj)per tenk 
similar to 
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dasKboftid, where it is^ less liabldAo d(i.mage due to 
collisions. This arrengement necjssitatef/the com¬ 
plete closing |n oMhe under partjbf the engine so 
that the induced air must go through the radiator. 
For the sake of rigidity ^ho radiator is mounted on a 
special cross frame, the seating having leather, rubber, 
or wood cushions. To minimize the elTeots of frame 
distortion, a ball and socket connexion with the side 
members of the frame 'is not infrequently provided. 
A^avurthor consequence of frame distoJtion and also 
bewuse of the expansion of the water pipes under 
running conditions, the radiator has to be coupled to 
the pipe's by rubber or other flexible tubing. 

Fans as shown at H in Fig. 54 are fitted to ensure 
a draught of air passing through the radiator when the 
engine is running, although the oar may be stationary, 
and JiO increase the cooling effect when the car is 
moving. Fans placed behind the radiator are being 
replaced by .vanes fitted to the periphery of the fly¬ 
wheel, an arrangement which goes well with radiators , 
fitted behind the engine. *’ 

In addition Ho having pipes with large bends for 
the purpose'of obtaining an easy flow, the bends 
should also be arranged that there are no pockets 
wherein air co'fild accumulate and form air pockets, 
ok in which steam could be produced. When the 
, water is drained off, it is also essential that none is 
left in any elbows. 

When water freezes as it does at a temperature of 
or below 32° Fa^hronbeit, the ice which is formed has a 
volume which is 10 per cent greater than that of the 
original watef. In expanding great force isiexerted, 
sufficient to crack the water piping or cylinder jackets. 
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Suppose calijn a gailigo the teiu^eraturg of 
which is likely V the wiiftor to tall below th<* 
freezing*point, either the water, Jias to be drained 
from the cooling system, or some s<ibstance nrtist 
be added to it, such as glycerine or other anti- 
freezing mixture, which haS the property of lower¬ 
ing the freezing point. Such treatment is ako 
desirable in cold climates such as Canada. 

The following table was gijren in “The Autocar’ 
some time il^o, which sltows the effect of dif^rgnl 
quantities of glycerine in this respect:— 


r 

Propiinion of 

Fr^ziiiK Point- 

Spucifle# 

Glycu^ine. 

Faliieiiheit. 

(Imvity. 

. • 

1 

10 per cent 

28® 

l-0'27* 

' 30 

15® 

^ 1-080 

»o 

5 ® 

1100 

oO ,, 

- 5 ” • 

M30 

I • 


. 




CHAPTEE XL 
TEACyiON. 

Adhesive Power .—If a wheel oarryinrf a load W, 
Fig* be rolled over the ground and' k is the co- 
effiiient of friction between the wheel and the road, 
then the maximum tangential force which can be 
applied to the rim of the wheel is i:. W. This force 
Jfc. W = P is called the “adhesive power’’. The 
coefficient k is approximately equal to OT for 
ruhher and mac'kdam. 



tn determining the adhesive power P for a given 
oar the rear wheels B of which are driven, let W be 
total load on the wheels with the centre of gravity in 
the position showq in Fig. 59, then 

P = 0.6.H =.0-6 W. 

. . ari „ 

Going up a hill, the .disposition pf the weighj re-* 

.( 98 ) 




b —H 


Tia. 1‘roportion of load on back wheelui 


Fig. SO gives the now values of a' for a and 6’ for b, 
so that the new adhesine power becomes , 



W 

Fio. 60.—Car on gradient—forces involved. 


pi = -6 . = 

If a' is greater 


■6 W = -6 . W. 

• a' + 6' •« + o 

than a wjien a car is proceeding 
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up Wll theA the adhesive power i,sj greater, a valu- 
aihle feabre since the ti'.icti,ve forctv can ho increased 
as will be seen later. ^ , ' 

Tractive Forie. —In order to make a car '.nove a 
force has to he applied to the road wheels by the 
engine through the mediilm of gearing sufficient to 
overcome the resistances to motion. This force must 
not exceed thg adhesive power or the wheels will 
spin round without gripping. The factoi-s concerned 
in determining the tractive eilort are : (1, th(! torque 
of the engine; (2) the friction iv the transmission 
mechanism; (3) the gear ratio between the engine and 
the back .wheel; and (4) the,diameter of the wheel. 

Using the formula given in Chapter I V— 


B.1I.P. = 
we get the torque =i T = 


27r . T. 

^3060' 

B.IIP. X 33000 

2jr . W , 


On the top gear, which is usually direct, the trans¬ 
mission system absorbs about 8 nor cent of the 
power, wheVeas on the other gears about 20 per 
cent is abso,vbed, so that 92 per cent and 80 per cent 
respectively of the engine power is available at the 
back axle, 'khe gear ratio R equals the revolutions 
per minute of the engine divided by the revolutions 
of the road wheel, an average case being 3'85 to i 
for the top gear, for the second gear fi-O to 1 for the 
Prst gear and 12 to 1 for the low gear. 

’ Let T be the engine torque in lb. feet, E be the 
gear ratio, E ttie efficiency, W the weight in tons on 
the rear wheels,' and D the diameter in feet tif the 
road wheel, fjet F be the tractive force in pounds 
per t6n. 
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Then J ^ b*uj P must not cxceeli 

2 

0'6 H, otherwise slipping will occur. 

Resistance to Motion. —-Now the resistances which 

this tractive force has to overcome are three in 

number for a car travelling on the .level road, te 

which h^s* to he added a .fourth factor when the 

•car ft on a gradient. The first factor is that of r^ad 

resistance, which gray be taken as erjual to 40 lb.» 

per top weight. The second feature! is that duo to 

mechanical friction, whjph varies as the sp( 4 ed of the 

vehicle. Th(gthird is due to the air resistance, which 

is prophrtionate to the square of the speed and equals 

•0026 . A. whole V is the speed in miles per hour 

and A is the projected area of the cifr in square feet. 

The fourtl^ factor, that due to gradient, is eqtial to 

W 1 . . *.* 

--- where is the gradient, as illiistrij,ted in Fig. 60, 

and W is the weight of the car; this resistance can be 
obtained graphically as*shown In thejxitljiin pig t of 
the figure by finding the resolved part of the vortical 
force W in a direction parallel to the inclined road. 

Brakes. —it would bo as well to consider at thi^ 
stage the mechanics of brakes since very similar cjl- 
oulations are required. Suppose a car of weight W 
lb. to be moving with a speed of v feet per second, its* 

kinetic energy will be ——. It it is dssirod to bring 

• ^ 

the cag to rest within a distance 'd feet by applying 
the brakes on the ^riving wheels, and using the 
maximifm braking force of 0’6 H, wWe H is' the 
load on the wheels, wo get as‘energy absorbed 
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n « ii" J , / 

0.6 . p.d'—/ 

The hub bitikes will take the 'kraking, power 

equally, the necessaiy maximum tangential force 

which should be applied- to each brake rim being 

Diameter of wheel 0'6. H „ ,, , 

, - X —i It follows that the 

•Diameter of hub 2 

normal pressures of the braking surfaces h,g 5 ,inst the 
brake drums is equal to this«tangential tyroe divided' 
"by u, u being the coeflicient pf friction, which 
pressure the cam actuating gear must be dojiigned 
to give. , 


f- 

Question 1.—An engine is turning at li200 .revolu¬ 
tions per minute when propelling a oar at 35 miles 
per hour on top gear. If the road wheels are 32 
inches in diameter,' what is the gear ratio ? 

Question 2.—What H.P, is required fo move a 
motor van weighing 3-5 tons at 12 m.p.h. alongalevel 
road, the tractive force to overcor,ie‘all the resistances 
being- 55 lb. per ton ? '' 

Question 3.—If the car in Q. 2 were to climb a hill 
of gradient 1 in 13 at the same speed, what extra 
H.P. is required? 



CHAVTBS XII. 

9 

FRAMES AND Hl'llINGS. 

THE mam irame upon which the engine, trw.stnia-^ 
gion gear and body-work ig mounted ig itself ca»ried 
hy sluings on the front and rear axles. Two side 
momberg A,^hown in ]?ig. Cl, and a numbSr of cross 
members ciJnstituto this main frame. The shape is 
dependent on two factors, namely the load (this 


• J 



Fi«. 61 .— Main frame of c 1 k(BB 19 . 


inclufles not only the dead load but also tho maifner 
in wliich it is distributed), and the provision of 
ample facilities for the parts moving relativelj* 
thereto to perform their movements.* 

In order to comply with the .lazier condition the 
side members are inswept at the front to provide a 
good dock for the* steering wheels, •and not,infre- 
ouSntlv swept up over the* back axle so that the 
( 108 ) 
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m6v«raijat o* the back^ axle rolatiyi to<the frame is 
possible whilst at the same tim^ the fiyme as a 
whole is kept l^w, aild largo diamelcj' wheels may ho 
used. 

When heavy bodies are to ho fitted, keeping the 
centre of gravity as low as possible must be remem¬ 
bered as an important feature in the design. 

Since alirupt changes in- direction areia source of 
weakness it is usual to Construct the members A at, 
sucii ^.Mitions C with welis which are either integral 
theiDwith or riveted thereto. 

Looking at the side view of the frame, it will be 
soon tha£ the depth of the momliers A is greatest 



• I'iii. 0*2.—TruBsed Bido mcinlior. * 

I, < 

in the centre^ the reason for this being that these 
members ar^^ acting as loaded Beams and have 
been designed accordingly, A bending moment and 
sheafmg folce diagram should be drawn whenever 
the necessary data is obtainable. The torsional 
forces to which the members A are also subjected is 
uot inconsiderable, but their value is difficult to 
estimatb, and the factor of safety used is large. 

As an alternative to deepening the side members 
at the position of maximum bending, light girders 
may Ire employed as shown in Tig. 02, and where 
lightness is a consideration, holes are drill'ed along 
the neutral axis as indicated in dotted circles. 

Thp ends 11 of the members'A are extended to 
lorm the dumb irons* to which the springs' are 
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1U5 


pivoted or shaSklea-, and also ior canyinj* tneT)eirol 
tank in cq^sdti whcrd^the latter is flttached to the roar 
ot the fingfio. 

Eolled ehauucl steel seetinns, h’ig. 63, are stronger 



Fig. O.S. —S^iflon througli Fio. (i4.- ProKBfd 

^rolh'Tl channel Kteel snio Rteel eule mcm- 
niember. bor. ♦ 

• 

at the root than the usual pnwsed steel section, ^Jig. 
*64, now empfoyed for side, members. Tlu^ resistesce 
of the pressed steel section to torsion i% therefore 



F*g. 63.—Soctions tubular bide incitbovs. 


* • 

not so great as the channel form, and argument h^s 
been forthcoming to show that this is in its favour 
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, sillc€>'it can give an4 not break/undfer these forces. 
Steel tubes, having- a section a^ shownrit A and B 

, I_' in Elg. 60, are not now 

used for side members 
^ N . except in very small 

^ N and cheap cars but are 

' ^ used tor cross mem- 

(SSX bers. Another section ' 

Fio. fi6 which js useful for 

constrilctional p u r- 
{loscs is of inverted U shape with flanges as shown in 
Fig. 66. " 

Cross meinters as shown are us^d to stiffen the 
frame, some of them being also made ‘ to act as 
suppdrts tor the radiator, engine, brake and, clutch 
actuating pelials, gear-box, torque rods, and similar 
parts. 

'Considering, in the order set out, these cross 
momters^ the modern arrangement provides not so 
much lo^ the support of the radiator but tor the 
maintenance of a constanC distance between the side 
members at this position. 

Whethk the engine is carried by cross members, 
by lugs or on a separate sub-frame, the suspension 
is usually on the three-point system. One method 
of putting this into practice consists in pivoting the 
front lug A, Fig. 67, to a cross piece ab and bolting 
the rear lugs CD to the cross piece cd. By so 
mounting the engine the crank case and other parts 
do not become utrained when the main fr^e is dis¬ 


torted. ^ , 

‘ Springs .—As far as possible, the main frame is in¬ 
sulated from shock's likely to cause distortion. To 
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this end springs are interpose^ between ^ihe feaflie , 
and the frpilt and bilek axles res^otively. 

Mechaiyoal anif'fluid springs have ^en used, the 
former being almost universal. Of the ordinary 
subdivision of mechanical apiangs into the spiral and 
the laminated types, only the latter need be con¬ 
sidered. . 

Beside ;^efding to shock the springs have to 
absorb nhe en^-gy and quiekly damp the oscillations 
set up, and it w beoj,use laminated or leaf spmigs 
possess tlfie property that they have been adopted. 



Fiu. G7.—Threo-point sUMpension. 


Where n is the number of leaves forming a lamin¬ 
ated spring, 

• t{) is the width of each leaf, and 

t is the thickness. 

Also L is the overall length of the spring, and 
c is a constant = 54000. , 

Then d the deflection in inches per ton load is given 
bv 
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’ W (tin; Iliad ill .oils) - • '' ■ ■ '■ 

Tlio luiml'uv of oscillatiims |)ci"miiiuU' is about 90 
for tho front sprinj^s and 110 for the back. 

Sprimin. —Tl.i'Si' arc almost iiiviuiably of 
tho sciiii-i‘lli|iUo variety illustrated in Fie. 08, tho 



leaver beiiie bolted toeetbei at the eeiitie (1 and ton 
plate Aon |lie lioiiL a\le J!. The foi ward end is 
pivoted at I) III ;lir diiiiib non I'l, and the rear end 
ispi'taehed to the side ineiiibei (1 ol die IVanie, by 
means of a sliankh' I’. The ai laiif^einent is snnli 
that, the Mil inns .ire situated iniiiiediately under tfpi 
meinbei (1. 



Ueiir iS'pr.vii/s. — Semi, lbioi;-i|narter, eand full 
niliptic are eijnally favoiiied, but in all cases tho 
spniies are situated outside the vertioal plane of tho 
side rnoinlieis In tho tbreeupiarter sot shown in 
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Fit,'. 69, tlie Ujiijcr ijAartc.r in can'iccl liy a/iraci-ctnA 
which is l)olU‘d to the I'laiiK’J J.’aiul is connected hy 
11 shackle (;! ?o tlv^ I’lav end of th(»lou'i>i' h.ilf. The 
forward eifll is shackled to a Inacket D'whilst at the 
enntio it is secured to the jilale on tin' re;i,r axle 
casine. 

In those oases wheie the sjirings aie pivoted to 
the frame, it is^usual to utilise (he spiinfj to trans¬ 
mit the trilotive etlbit to th^ frame. When the 

• - * # 

roar naif is s(t, used, the spiin.'’ is jilacfal uiH^oi* 
toiision, and if tin- frofit, half is used the IfavcsaK* 
in coiii|) 4 *('ssion. 

An aiTan^'iniuMit wliioli faiilx foiniiion, consists 
'loniifctin'^ 1, u.* mar nnds of llu' back siiinii^s when 
of lIk? H(*nn-olli]itic t}]to. h\ it Unitsycrso f^nin^ 
whicli attached at its ciniLie to rear cross 
iiK'iiiher of l.he fvanu*. 

. The cantihwcM form of sus]iension eoinjii ise^♦ »ii 
inverted half-elliptie attached at the centre to the 
frame, one end heiftg,attaehod to the jear axle 
casing and the othei, the*,imiei end, eoimecteil hy 
mcaiiis of a shackle with the frame. • * * 

.■\ point to notice is that the shackles atid pivots 
must he provided with grease Inlnie.atois, ,ind 
means for gieasing the leavi'S should If jirovided. 
In tifh case of the shackles, th(' att.iohment to the 
frame more often than not is hy means of what is 
practically a universal joint, thus giving movement 
in two planes. 

In addition to the mainsjnings, two others are 
sometimes*used. Jlujjcrs when lilted peifoim the 
function of taking the linal movenu'iit of the sjningr 
relative io the frame in cases of fxcessive motions. 
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Si'plilemCiitary springs, whicH ' tab^ the form of 
spiral springs fitted in'place of the i^ar shackles, 
really act to take '.he first part of f he relative motion 
of compression and the last part of the return move¬ 
ment, These springs must on no account have a 
periodicity which is equal to, or any simpli' factor or 
multiple of, the time of oscillation of the main 
springs, otherwise syn)]iathetic vihr.at,ion will result 
and violiuit oscillalidn of the whole system occur. 

" -Hole ,.—A full B.M. aud S.T. diagiam for the side 
•membeis is given in the “Automobile lingineer" 
for .August, 1912. ' ■ 
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FUOOT’ AXLES, SMOniNCJ OEM!. 

Thk [i’oiiIj iixle’js tiiadi; (if sU'ol with ii H-shi>fcd* 
cros9-0eotion. 

lu sorsi! t'oriiis tho JixUi w straight iis siicii m tront 
iilcvation, in others tiiore islv dropped oeiiLral portion 
W .'ive the neeen^iry cloiiriinco to the stiirtiiig handle 
bracket, and in addition the ends are raised toftllow 
for wheels of any desired large diameleii to bo used. 



D 

Fict. 70.—Front iisle. 


Such*an axle is illustrated in Fig. 70. At the p3si- 
tions A.B th(' upper llango is widened and stiffened 
to provide an anchorage for the sjirings. 

Tho ends are shaped to take the steering centres 
of the front wheels, two kinds being in general use: 
(1) an opeft fork as in Fig. 7i; and (2f a solid end 
drilled to take the pivot piece as in Fig. 74 

Regarded from a mechanic’s poigt of view, the front 

( 111 ) 


MOTOR OAR MECHAJIIBM 


1A5J 


ai'e is a b(«am loaded at four pOints.t The shearing 
force and bending mo'meiit diagram should be plotted 
out as in the case «f the side mAinbers. ‘ In addition 
' h. 



Tio. 72.—Solid ended front axle. 


T/hen one spring is under a maximum load and in 
its flattest condition, whilst simultaneously the other 
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spring is undijr a rfevcrse load duo to a ’/heel beiils 
ofif the ground. 

Wheel Mountipj }.—The axlostfor the wheels are 
attached *to memliors which are pivoiild to the eiJds 
of the front axle, and are in consequence of two types 
depending upon the form of ifie axle ends, see Fig. 71, 



in “which the axle is provided with Skefko beaTingg 
for the wheel hub, and Fig. 72. 

Linkages .—^These members each have a project¬ 
ing arm or steering lever C, Figs. 70 ai^ 73, which 
are coupled together by a rod D. The off-side pivot¬ 
ing meiiber is also provided with a tbeond lever E 
which is coupled by a drag link F to ithe steering 
meohviism at the bottom of th| steering column. 

8 
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'^r^e ^eno^ial ai’rangeineiit of tho’gearijust described 
'and operating on the A'okctmann System ifi as shown 
in Fig. 73, the coupling rod beiii^ behind *e front 
axle, and the drag- 
link horizontal and 
parallel to the main 
bide member of the 
frame. The drag link 
is usually tUbulgr and 
made wi^b a ball and 
Fio. 74.—Ball and socket fj£(^.lj(;t joint connexion 
t joint* a • -rt* 

to the link as m rig. 

74, whereas the coupling •rod is connected to the 
steering lovers by knuckle joints (Fig. 72). 

In Fjg. 75 is illustrated diagrammatically 'the 
vheels when % car is going straight ahead, and the 



Fio. 76.'-Diagram of action of steering gear. 


front wheels aio also shown dotted to reprlsent a 
turning movepient. The Instantaneous Centre (I.C.) 
of the oar as a whole when it is turning should fee on 
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the line prodSced through th^hack axlejt so*ie%ucl» 
point as ^ « 

Suppose a ri^d member suolf as a^onneoting«rod > 
to be moving so that at any given instant the direc¬ 
tion of motion of points suoii as A and B bo known. 
Let the directions be as shown. Draw lines AI, < 
BI at right angles to these directions to meet in L 
(FiR. 76). 



Fia. 76.—Instantaneous centre. 

♦ 

Consider the p«in| A, its direction jf motion is 
* tangential to any circle passing through A and with 
centre on AI. • • * 

Similarly the point B for the instank under con¬ 
sideration could be moving on any circle passing 
through B and with centre in BI. o 

•The whole rigid bar can therefore be considered is 
turning abbut a centre common to A and B, viz. 1. 

This centre is known as the Instantanmus Centre. 

• 

Similarly with a oar. The radial line for'the back 
wheels is always somewhere on the atcis of the back 
axle. Consequently when the car is beij;ig turned the 
i^iaNihes for the front wheels should intersect on 
the axis of the back axle, at tlj^e I.C. of the whole car. 
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j Witlfin certain limits this is obtainaWe by coupling 

the steering arm, so that on bein^.produo/'d they in¬ 
tersect on itlie back* axle (the wtifCls being in the 
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A modifiefP arrangement consists in r||iounting {he 
coupling ^rm in ^guides, so Uiat it has a sliding 
movement only»^ * 

In all cases the joints ana pivotna momners 
should be adequately lubricated, and furthermore, 
since they are all in the front of the oar and near 
the ground, they should be covered up to prevent 
dirt getting to the working parts. * 

BetweAi the steering ^whhel itself and the drag 
link, and carried in a casing mounted on the Jiif-side 
main frame, is the‘actuating mechanism which has 
the property of “ irreversibility " ; that is to say, 
although the steering wheel can be moved to turn 
the front wheels, yet the front wheels cannot move 
the*8teoring wheel under the action of road impact 
forces. This pi-oporty is very valuable since the con¬ 
stantly varying road shocks are not felt hy the driver. 

The geating is usually of the worm and* sector 
type as in Pig. 77. The worm itself iJiould be so 
, mounted, either vfitK ball bearings or yith distance 
pieces, that lost motions duo to wear can be 
readily taken up. In this connexioi? it hnay be as 
well to note that complete worm wheals are some¬ 
times fitted instead of a sector, so that when one 
part wears the wheel can bo turned’about to give 
a fresh set of working teeth. * 

In a s.''cond type, a nut slides up and down on a 
screw. The nut is prevented from turning and is 
provided with lugs as in Pig. 78. One,end of a 
pivoted^ leVer is forked to engage the lugs, the other 
end having the usual ball and socket joint connexion 
with the drag link. 

Reluming to Fig. 77, it may be noted that the 
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rod.ia hollow aud that through it pass the 
rods which operate the*controlliiifi levers the car¬ 
buretter and magnctr. These rods wo operated by 
levers moving cr.’er quadrants as shown in Ihe plan 
of the steering wheel. 

The method of mounting the steering box and 
column is clearly shown. 
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Investigation of the problem of easy steering has 
conclusively shown among other things that the 
pivot axis of a front wheel when produced should 
pass throt'.gh the point of contact of the wheel with 
the ground. IJVhen this construction is adopted 
there results a noticeable diminution in the effort 
required for steering, and there is also an increased 
longevity in the life of^ho tyres. 


CIIAPTFiR XIV. 

CriUTfilTKS. 

In the generai arrangement shown in Figs. i<*nd 2, 
the first member of the transmission system is ihc 
olutch, it Ijeing the connooting link betwee.n the 
engine and the gear bo*x. A clutch is d(;fined as 
follows: “ /t clutch is a mechani.sm for coupling or 
uncoupling togetlier two shafts one or both «I which 
is or*are in motion In the particular case we are 
considering the engine shaft would be the revolving 
shaft and ftie olutch shaft either stationary orwolv- 
inf' accordinf5 to cii’cnTustiinccs. 

Tho function of*tVie clutch is to pro^^chi a moans 
for uncoupling the prii»iary shaft in the gear ^box 
from tho engine shaft when changing*gea*r, or under 
emergency conditions when stopping the car sud¬ 
denly without stopping the engine, the gear lever not 
bjing in its neutral position. ' ^ ^ 

In the majority of cases the clutch is bolted to, oi¬ 
ls in pail fermed by the fly-wheel of tho engine, the^ 
few exceptions being found on cai-s where the fly-wheel 
is fitted in front of or in tho middle of 'the^ngine. 
Broadly classified, there are four tjpes of clutches : 
1. Cone. 

•(a) Direct. 

(b) Inverted. 
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pisk.j 

(o) Single.- , 

(b) Multiplo! 

3. Expanding coil or band. 

4. Miscellaneous. , 

It is essential that there should be a sufficient 
gripping power at all speeds and under severe and 
sudden strains, there must be no undiie wear and 
no tendency lor it to \Jork out ot gear, ehgagemegt 
and sJ-sengagemont should occur easily and without 
shock. If it is intended that‘the clutch shall be 
slipped indefinitely, then provision must be made 
for conveying away the heat which is generated as a 
consequence, the calculation of the quantity of heat 
evolved being easily made. The action of any clutch 
which falls under either of the first three classes set 
out above depends upon the friction between two 
surfs 008 which when brought into contact have a 
relative motion. 

In its ele^pentary form the dirhet cone type com-, 
prises a conical member attsehed to the engine shaft, 
a oorrespdhdiftg part, and a male cone on the trans¬ 
mission shaft adapted to be held in engagement with 
it by means of a spring and to be disengaged by a 
lever. '> , 

• In ^ig. 79 a section showing the rim of the male 
cone member is given with a view to calculating the 
thrust of the spring and its relation to the dimensions 
of the olu^tch.* 

Let T be the thrust of the spring. 

« be the coefficient of friction. 

. r the fiiean radius. 

9 the half anglaof the cone. 
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H the Tnaximum horsj-power t(| be »tr«ns-( 
milled at ^ 

n revolutiSs per minute, atid 
P the normal pressure between the surtaces in 
contact. 

Then, if there is no slipping, 

. P , 2 . JT. r . 

• 3«ooor' ‘ 

. Now tan d = sin d = \ jipprox., so that P = 6 T. 

Consequently by substituting, we get an equation 
for T involving known or obtainable quantities. * 



In both the direct and inverted cone types, the male 
portion of aluminium or pressed steel is" faced with 
leather whilst the female part is of oast iron. The 
enfjne shaft is prolonged to form a Spigot iijhioh 
takes into q hole, with or without ball bearings, in 
the transmitting shaft, thus ensuring the alignment 
of the two shafts. Care must bo taken that the 
spigot bearing is well lubricated. One advajatage of 
the invented type, an example of whifh is given in 
Fig. 80, is that no dirt can fall upon the leather 
when th8 clutch is withdrawn, a further advantige 
is that* it is easier to obtain a’meohanism without 
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, en(? tljrustj Many devices have been* tried in order 
to ensure easy engagement with the oon^ type. In 
oqe form small flat, first-intenti^q‘springs arc fitted 
beneath the le'tther, in another form the female part 
is sectionally split and in some oases small rubber 



rollers are placed at intervals around the periphery 
^ of the leather. 

A form of clutch-withdrawing .mechanism which 
demands only a light pressure on the foot pedal is 
that shown ii) Fig. 81. It is the form hs|d on the 
11-9 h.p. Humber car. An open frame pivoted to 
ont) of the s^ide members is coupled to the clutch and 
operated by the smfcll nart of the bell-cranlied foot 
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)edal. This onitun nas a iignt (;nclosiiig|oii(lj)i(|ce 
lO that it ri^is in oil, the leathe^ being always in a 
)repared state. Sh^ pedal for Oj»erating the bi-alyj 
ind the loot accelerator pedal are'also shown, 
ilany forms of joint provide for the sliding of 



F^i. HI.—Clutch (lwoiij(.a!,'ing near, 
the clutch, that shown comprising four plus with 
curved bushes, which not only takes tht^ drive hut 
acts to some extent as a universal joint. • 

Only a* few cars are fitted with •single plate 
clutches, the best known being the Do,Dion and 
Phqsnix^ whereas the multiple type is commonly 
employed. 


H4 MOTOR OAR MECHANISM 

• Dish Olutches. —Fig. 82 ’shows a Hele- 

Shaw clutch in which a number of ^isks made of 
phosphor-bronze (.re notched ^o 'ongage keys on a 
casing boited to the fly-wheel. Supported on a ball¬ 
bearing on the end of the crank shaft is a steel core 
B which is connected to the clutch shaft. This core 



has keys which engage notches in a number of steel 
plates, arranged alternatively to the phosphor-bronze 
plates;’ The plates run in oil, and to prevent them 
from sticking when the pressure is removed the 
outer plates are fitted with small flat springs which 
are in compression when the clutch is' engaged, 
The plates are helS together by a disk E under the 
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action of a spflng F, the tension of the a^jring,being 
adjustable through tlie cap G. ,The clutch shaft C 
has a coned bnAp*P which prevents “spinning” 
when gear changing. ' 

Not a few multiple disk olutches are now made 
with cork inse’ts in alternate plates, the design 
emanating from America. 

An example of class 3 is the clutch of the Metal- 
lufgiqu# in tvhioh the boss qf tRe fly-wheel is formed 
like a brake drum and on the clutch shaft are affried 
expanding shoos, the* friction faces being metal-t(>- 
metal. The coil clutch is based on the principle of 
a rope brake, th^coil consisting of a lubricated steel 
^and wound rrSund a drum of cast iron or cast steel, 
the cross-section of the band not being unifornf. 

In the miscellaneous section may hwincluded hy¬ 
draulic olutches. In its elementary form the clutch 
comprises a j?ump and a water motor. The j^ftip 
being driven by the engine and driving ihe motor 
\yhich is connected r^itk the rest of the tiulnsmission 
system. In some cases, e» will bo shown later, tho^e 
hydraulic clutches are variable speed gfar mechan¬ 
isms and replace the ordinary gear box and oven the 
differential. 
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HI'EKD OpAUa AND liliAKES, 

It ftuows from the subject-matter IR the ohajiter on 
Tractive Force that the power given to the road wheel 
must vary with varying conditions. Now since there 
is a definite maximum output tijjm the engine it 
follows that it the foice exorte,d is to be increased the 
rate at which it is applied must be decreas^eil, and 
vice versa, r 

It must also bo remembered that as the engine 
revdiutions diminish so the power diminishes, and be¬ 
low certain speeds this falling off in power proceeds 
with inerdasing rapidity. In the joint circumstances 
the engine revolutions mtf.st be kept up in order to 
get a big ouJJmt, and yet the revolutions of the driven 
part must'bo kept low, a gearing of some sort is then 
necessary. 

There is Vtlso another reason for using a gearing 
'in the transmission system, as an ordinary petrol 
engine is not reversible, and therefore if we want to 
reverse the car, a reversing gear is necessary. 
In Chapter XVIII, dealing with other transmission 
systems, we shall deal with gears other tHaijmeohani- 
cal, so that it is proposed to confine this chapter to 
mechanical gearing. These are practioally divisible 
into three kinds • 
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1. Spur geaia with quadrant control. i 
Spur gears with gate control. 

3. Spur gears iu constant mesh, i.e., epicyclio but 
excluding the Eiley System. 

In cases 1 and 2 tho shafts, both main and 





Fia. 83.—Goar box (gate ohango). 
secondary, should be kept as short as possible in order 
to reduce whip. The secondary shaft is sometimes 
known as the lay shaft. The bearings must be de¬ 
signed to prevent oil and grease from extruding, a 
large cover on the top of tho gear box must be pro¬ 
vided to facilitate inspection of the pinions, and a 
drain plug'placed at the lowest part of the box. 

When'gate control is adopted “as in the gear box 
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, illRstratcd. in Fig. 83, tli« operating lever has two 
moveineiit.-i, a slidinfj and a I’ocking movement, tho 
design lining sucb that the rod ^1, slriowu also in 
Fig. 84 at tlie root of the gear lever N, engages with 
the striking liar K 
when the lever is free 
to move in the inner 
part 1,R of tho gate, 
and with the bar L 
whop' the lever is in 
the outer arc 2, 3. 
When cither of tho 
striking bars, or as 
they ■are sometime's 
called selectoi’ rods, 
is moved longitudin¬ 
ally, the forked arms 
thereoii carry with 
them one or other of 
■the gear wheels 2', 
i' into engagement 
with the pinions 2, 
1 on tho lay shafji E, 
or the dog dutches 
3,3' engageito give a direct drive fi'om the clutch shaft 
' C to the universally jointed main-driving shait 1). 
The shafts (!, D, E have ball-hearing mountings in 
the gear box A. Pinions 4, 4 couiile the shaft C to 
the lay shaft. 

In order that the reverse gear may not bo put in 
operation inadvertently, the gear lever is'prevented 
from moving into reverse E by a stop S uijtil a suit¬ 
able catch on the red N is lifted. 


2 3 

'1^ 

R 

.1 


T=J 



HI.—'8pt!C(l lover and Hate. 







l-’id. H'>. ITiniilu'i 


thereon winch sorvon foi' iiioimtirii,’ the gi'iir lover 
and f'ate. At tlie icar of the hox a hiuke drum is 
provided for an internal expanding drake. The 
forward eml shows the flauHe on tlie shaft with the 
four holes for the liushes of the clutch shaft bolts 
referred Jo in Chaptei XIV, ' 

■ WilSi (|uadrant-controlled ttears, the lever oscil- 



13Q . M<)TOr'CAR M'iC'IIANISM 

lutes only in one piano, the sliding gears, per¬ 
manently louplod th'reto, being moved in order 
from first to secojid and socof.d, to fed speed. 
Notches in tiir quadrant indicate when S. gear is 
engaged. This control has the objection that the 
gears can be easily overrun and tha'o the gear box 
has to lie long with possible whippiness of the 
shafting. 

Epicyclic I'/cnr.—The mechanical pritieipje un- 
dorlyii’.g the epicyolic form of gear is/dependent on 
tlv) fact that the intermediate pinions, called planet 
pinions, are mounted on stub shafts carried by an 
arm or plate which is frefc to rotate on its axis or 
may be kept stalionary by a brak* kho two cases' 
giving ;}ifferent speed reductions or reversal. Tnese 
planet wheels,gear with pinions on the driving and 
driven shafts. 

Wkou these shafts are positively locknd together, 
the pinion^ and the casing rotate solidly. If the 
casing is braked then the drivq is'taken through the_^ 
pinions as with an ordinary,rgoar, and a speed reduc¬ 
tion or re'/er^al of the driven shaft is obtained. 

Although, the gears are always in mesh so tltat 
the act of changing gear can be performed silently, 
yet the gear itself on anything but the top is noisy. 
Another point which is not in its favour is that a 
thin oil must be used tor lubricating the'journals of 
the planet pinions, otherwise there is risk of the 
pinions seishig on their stub shafts. This oil has a 
habit of leaking along the shafting, aad besides 
being an annoyance is wasteful and needs constant 
renewal. 

Brakes .—Two setsi are usually fitted, one &t the 
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roar of the on the connteiVmft, ,iinil* ik 

soaoiid setjOii the rciiir wheels In the first case 
pedal actuation ii JSnj)loyed, aiufin th^ second OiV^e, 
a hand lever acting through conipciisating mechan¬ 
ism is used. 'I'he hand leve» is mounti'd on the side 
frame memher upon which is also a lack. A pawl 
or catch on the lever is adapted to engage the rack 
whereby the fcrakes may h(*kept on. 

„ Comilershaft, Hrakes. —J 41 l^ig, 8 fithe braking sur¬ 
face comprises shoes freely pivoted at their ceiftros to 
two arms, themselves pivoted to the cross-memHln- 
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of the frame. The free ends of the arms are coupled 
to the brake rod in such a mannci- that on'depressing 
the brake pedal the ends are drawn together and the 
shoes arc pressed evenly to the brake clrum. .Twi^ 
set screws arc used to prevent the shoes from rubbing 
against the drum when the brake is off. 

This form of brake belongs to the locomotive type. 

When the arms which are pivoted to tits cross 
frame pij)v 1 de the brake surfaces, instead of the 
separate shoes, the brake is called a contracting baud 
brake. • 

I'he essential requirements of* any biake are : ( 1 ) 
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. If smv't l«'|i'eliiible, (2) must be powerful enough to 
stop the car on a hUh (3) must be easy^to put Into 
action, (4) must kedp cool, (5) nlli!*- be able to pre¬ 
vent a car from forward and rearward movement, 
and (6) must not bind or grip. 

Brakes of the contracting type do not fulfil condi¬ 
tion (5). 

For the rear-wheel brakes the exjiac.ding typo is 
used. Tho internal surki^ie of a drum bolted (to the 
wheeris acted on by pivoted brakiug/arms, AB, Fig. 
HT, which are opened out or expanded against the 





Fid. H7.—Exparulinji brake on rear wfieela. 
action of a spring S by a cam C which is actuated 
by levefs from the side lover. Although the aeting 
surfaces were usually metallic yet recent practice 
sees tho use of prepared asbestos D on tlie arms, 
which has'the advantage of a higher coefficient of 
friction. Tho position of the brake druftis and 
actuating levers are'also given in ,Figs. 90a and 91, 
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TllK ilACT: AXLE, CAUDA;; ;?ilAI'T, IIADII S ItODfc!, 

■' TOUQUE UODS, ETC. 

The hack axle is in two parts wliicli are mounted in 
a oasinj'. The inner end ol each shaft carries a 
• hevel or spip; pinion, and the outer ends are formed 
^’itR dogs, keys or similar clutches to convey the 
drive«to the road wheels. * 

A mechanism called the difl'eioutial is used which 
enables the, two shafts and road wheels to rcj|^tte at 
ditlcrent speeds when the oar is moving in a curved 
path. The two ge*r wheels on the inner|ends of the 
‘shafts engage the opposite sides of similar gear oi' 
planet wheels which arc Iree to revolvj oiiilheir cAvn 
spindles. These spindles are carried by a casing 
wliich is bolted to the bevel or worm wheel which 
takes the drive from a bevel or wori^ on the rear 
Candan shaft. This shaft thus connects the read' axje 
to the geiif box. The differential box revolves in 
ball or roller bearings in the main axle casing.* 
When the car is proceeding in a straight line the 
box and gear wheels rotate solidly, but when tlie 
oar is taking a curve, the planet wlieels revolve in 
’ their axes so as to permit relative movement of the 
driving wheels. 

Since the driven wheel on th^ differential is moving 

• .(133) 
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I'claOivffly tqf tho main (framu owiiif,' to its spring sus¬ 
pension, and tho end< of driving i^hatt which projofcts 
reivj'wardly fi'Ofn tho gear box has ito rolativp motion, 
allowance must be made! for changes in length and 
inclination of the ca^da^l or propeller shaft which 
connects thorn. In general, at the goar-hox end is a 
universal joint and at the dilferontial end is a plung¬ 
ing joint. The constrpetion of a |)lung'lng universal 

in,Kig. 88. A'o 
e dnd of the pro- 
ller shaft is a 
.•ge hai'doncd pin 
»ying a hard-* 
od steel hlocK 
rich is five to 
tato upon tho 
n. ,Tho outer 
fill. Ks. sides of tho block 

are rounde'^, and slide in a qoujiIo of hardened 
parallel grolives formed in the forward tubular ox-* 
tortsion ofitlu^dilferential gear shaft. These grooves 
extend for a few inches, and the comliination of pin, 
block, and grooves provides a universal joint that 
can slide to and fro, 

..Tht! student should plot a diagram of angirfar 
velocities of the cardan shaft for a selected? inclination 
of the shaft as compared with the uniformly rotating 
guar shaft. » 

The irtiiversal joint should bo housed ^in and be 
formed with efKcicnt lubricating moans. • 

In tbe foi;m of differential shown in T’ig. 89 bevel 
drive is emidoyed and Timken bearings used through¬ 
out, the dilferontial ^oing at the centre of tho back 


joint is as follows and is'illustrated 




15ACK AX^I'i, cKBDAjr SHAFT,.laiC. T.35 

iixlo SO that the twq parts o^tho axle ^ro 
leftgth aii(l%the lojd on the casing is etjual. The 
di'iving hovel it3’(HI' ovcrliaiigs its I'oj’ward healing,. 
A section is given of the female part of a plunging 
joint of the kind pictorially Shown in Fig. 88. 



By placing the differential out of the centre line, 
the hovel on the propeller shaft can he provided with 
an end diearing, but the casing is more complicated 
and the load is not equally distributijd. A hotter 
oonst»uotion is obtained as in^Fig. 90, the driving 
bevel being suspended botwoop two bearings. ^ The 
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difKVorttial (in this «isg is mado up with spur 
pinions. ' f ^ 

■ ,When a woj’m drive is employed, the,worm is 
easily provided with an end hearins and with the 
central differential. On the score of., eiricienoy and 
silence there is now very little to choose between 
bevel and worm drives. The same apnlies to the 
cost of production of tlio two forms. 



Beside the ordinary parallel screw tyjKj of worm, 
the Hindley or Lanchester woim is used which is 
concave to aorrespond with the worm wheel whereby 
more lertgth of thread is in engaKeraent. _ 

There are nearly as many kinds of axle easing as 
there are cans, but the tendency is towards the use of n ’ 
central casing to which is bolted two pressed steel 
conical sleeves. The jleeves are formed with seatiugs 







for the sprmf^s, and ^le centrt^piece witl^ an ins]»oc- 
tioft door. %Tie rods, as in 90a, or stiffening 

I ® • 



tht. —Humber back axle. 


llanges are sometimes nsed to cop(3 with the vortical 
and horizontal hendinj^ moments on the casin';. 

[f thu wh(!bls are mouiitod oti the axle easing, 
i^ig. 91, the driving shafts only transmit the,powcr 



but do not sujjport the load. The cijmpleto axle 
with this arrangement is said^ to be of the " full- 
floating type This illustn^ion also gives pome 
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idar, oj' thojinothod of,liiountin); tho l)i'ako di-uin and 
brake oponiliiif! 1(!V( r. ^ <r- ‘ 

•Radius R(jih .—^rheso arc. onipfoyc.d maintain 
the back axle always at right angles to tho main 
side frames under all'conditions of, springing and 
tractive effort, and for this )nn'))Ose are usually fitted ' 
parallel to IJio side members and are attached to tho 
axle casing at one end aiid to tho side fncjphers or to 
one of the cross members. More often thiln ndt, 
the springs act as radius ro^ls, Ix^mg pivoted at 
one end to the frame. 

Torque Rods .—The dijving and braking strains 
U|)on tlu! axle casing, although soiikitimes taken up 
by the springs, should be taken by rods or^thgir 
equivifient drsigned for that puiqrose. frw some 
cases the rotls can elfectivcly act in the dual 
capacity of torque and radiu.s rods, a ^construction 
which allows this comprising a V-shaped frame 
pivoted to tv cross member at thg apiix of the V and 
attached tct the axle casing by U brackets. ' 

ifn a Igrin^which is increasing in favour, the pro- 
|x;ll(!r shaft is enclosed in a tubular casing, the 
forward end of which is carried by th(: cross memtor 
upon which tho rear end of tho gear box is sus- 
peniied. The centre of this univei-sal-joint susyen- 
sion should be in line with the main universal joint 
of the propeller it it is to function properly. 

In anothgr form which is light and elTective, a V 
frame or “ banjo ” frame is placed in a vertical 
piano, the largr; end is attached to the axle casing at 
th i top andjiottom, and at the smaller end is a spring" 
suspondiid from a cross member as in Fig. iJS, 

Chain Drive. —In,a few commercial and in tour- 



ing oars for tho coioijies and jthor countries •svlJbro 
a high cleaunce ijj d(!siral)lo, tho ditforontial and 



” tonjue iiicmbci. 

orosa shafts are monntod in tho gear liox, tlio ontor 
onds of tho shafts havingwiiirookots whicli drive liy 
tjhain to sijroiJiolS on tlio road wheels. 



CrrAITER XVII. 

H'tHAM CAliS, 

An examination of the chassis ijf a sUsam car reveals 
quite clearly the essential dilTerencos between it and 
the chassis of a car fitted jvith a petrol engine. The 
additions comprise a water tank*a water pump, 
a stejim generator, and a fuel pump. The jjairts 
which^io not appe ir are the magneto, the caiW’etter, 
the clutch, gear box and sometimes the cardan shaft. 
The* frame, front axle, steering gear and back axle 
are practically common to both types of oar. 

The steiftn engine has been neatly desorilred as an 
external combustion engine, *it is consequently no* ' 
cassary fpr to deal with the engine and the ex¬ 
ternal inechanism producing the power gases, viz., 
the steam generator. Steam is produced from water 
by heating it to such a temperature that it vaporizes, 

Jhe temperatfire being dependent upon the superpased 
pmssure. Under atmospheric pressure such as is the , 
I case with water in a kettle, this temperature is 212" 
Fahr., undqr 100 lb. of pressure 32fi" Pahr., and 
for 200 lb., 380" Pahr. A complete table of 
pressures and.temjreratures is given is tho Appen¬ 
dix. If the steam is further or simultaneously' 
heated to a higher temperature and the pfei^ure.is 
maintained, the steam is said to Ire superheated. 

* (1401 
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SupSrheatod s'team is a* perfect giis and obej's ^hc 
kncjwn laws of gases, it can tlijrefoii! bl depended 
upon to realize it* ^Wculated povwirs. ^ 

Steam tiewmlors. —There are thr(*’niain types 51 
generators or boilers:— 

1. Fire tube. 

2. Water tube. 

3. Flash onseini-flash. 

, In Fire. Tube boilers, the \jat5i' is contained in a tank 
fitted internalTij with tubes through which jxtss the 
heating gases. Thislype is only used in coinmercfal 
wagons of the tractor type and then oidy to a veiy 
limited extent. 

In Water Tu^ boilers the water circulates inside 
tfie t^ies and the heating gases surround the outside, 
the tubes always containing some water. Auxiliaiy 
fittings comprise a fceA-waler heater, that is a vtissel 
in which tHe water before it enters the hoilBl- is 
warmed by live or exhaust steam or bj* the waste 
Jieating gases, fn’aiidition to that a iiii.iie.rheater 
may he used, that is a nessel into which is passed 
the steam generated in the main boile/aiul which is 
placed in the path of the heating ,gasea" wfiere the 
temperature is highest. The steam in the superheater 
is in free communication with that intthe Ixiilgr, so 
' that the pressure is the same. * 

Flash generators are really a particular case of 
water-tube boilers, in which the tubes serve not only 
for the production of steam but simultaneously act 
as superheaters. This type of generator is the one 
.most commonly found on touring oars. In order 
that this double function of the tubeif may occur, 
tlie water is fed to the tulxis which are red-hot in 
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^ anal! quantities where it fs immediately conr^rted 
into steamiind superlioated. I’he tubes at the s^ime 
time lose heat and get dull adiithe steam passes 
ft) the engine?» By the time the next charge of water 
is forced into tlie tulxis.thc lattei’ have been warmed 
to their rod-hot state. 

fn flash boilers as used on motor cars, solid cold- 
drawn steel’ tubing capable of standing a pressure of 
GOOO 11). per square ilicli is formed into llat .coils, a 
numba- of such flat coils of sections l^nng placed one 
above the othei-, coupled together, and placed in a 
casing or shell. By using these sections renewals 
can be easily and cheaply o'lTocted. Water is supplied 
to the boiler cither by a i)Ower-drivefl pump or by 
compressed air, a small air p)nnp driven off t6e 
main engine Wing used in the latter case. A hand- 
opei;ated water pump is fitted so that the initial supply 
can«he obtained before the engine is staAed. 

The hei),*ing means comprise a burner situated at 
the l)ottomipf the casing and having a large numliey 
of^holes therein, fiom whieV the vaporised fuel issues 
and at \?hich it is burnt. The paraflin or petrol 
is supplied to the burner in adjustable quantities, 
the adjustment being effected by a hand lever. 
Thisjneans that the quantity of heat produced and 
ftierefore that the amount of steam^ generated 
are in consequence under the direct control of the 
driver. 

It passes*to the burner via a vaporizing coil tube, 
that is a wairn tube in which a irrelim^narj heating 
of the fuel taUes place with the object of properly, 
vaporizing h. In connexion with the Tajx)rizer 
there is an induction rtube, through which the neces- 
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ii' IS (liu^n, and wlJore tljo air is also subjected 
to a^ preliminary heatilif,'. 

When firs'i lif^dint,' up, this »vapori7,inf< coil is 
warmed ht a small bunsen which is pi/t out of usd 
as soon as the main hiirner is.suHiciently warm. 

A small Inu’iTer with its own air supply is fitted, 
and is known as the “ pilot lif'ht Its function is 
to maintain thf pressure, wlmn the cai' is idle and no 
steam ij In^ng used; it has La supply enough heat 
to balance tin? losses by radiation from the.dioiler 
and its fittings. ’ 

A generator of the fire-tube type,, and as made for 
car work, comprises a stbel shell which is bound 
with steel wirtnifiSu’ tension and to which top and 
I)0<to4i plates are welded. The upper and lower 
plates are drilled to take half-inch llnii) tubes, about 
live hundred tubes with a heating surface of approxi¬ 
mately seventy square feet being required for a ten- 
horse-power set. The burner is of the tyqip wherein 
the vaporized fuel Ibsiips from a large number of 
orifices, and in which a npiall supplementary pilot 
flame serves as a stand-by when the cifi' is'station- 
ary. As far as possible all the cbntrols aiw afitoma- 
tic in action, three being the usual number pro¬ 
vided. 

, Tfieseare: (1) An automatic valve which cuts off* 
the supply of fuel to the main burner when the 
steam pressure reaches a certain prc-determined 
value, normally about 600 11). per sqitare inch; 
(2) a safety valve which opens at aliout 7^0 lb. ; 
and (3) a^sifile plug which is fitted *in the boiler 
shell and.melts when the level of watiA gets too 
lottf, ov^ng to the temperature of the generator 
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s'lell rising alwve tlje fiiAion )ioint‘ of the ifilug. 
The oscapkg steam 'acts as a’' warning. ^ 

In one form of apparatus the i-.njicmatic control of 
Che. fuel valvA obtained by mounting it sh that the 
needle valve or valve spindle is coupled to or rests 
on a copper diaphragm. Steam is led to the space ^ 



above the diaphragm and a small spiral spring is 
fitted beneath it, the diaphragm thus moves up or 
down as Yhe steam pressure falls below or rises 
above {hat due to the spring and carries with it the 
valve. 

The water is carried to the boiler by .pumps, a 
by-pass being fitted between the pumps find 'the 
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gcJWi'ViUoi’, tli& valve of'whiok is uruicr Iho conti'of i4, 
driver. 

Tim ^,'iAs which leciicatcs the heipl^ of 

WiUor m* th(! boiler is placod in sij*iit of tho driver 
who closes the by-pass or opens it accoi'diiif,' to 
whether the boihn- is in need of watoi' or not, that i(i 
when the level is low or hi^h. The steam eencr-. 
ated passes to a coil of tnljiiiK at the bottom of the 
jicneijitoi^ and immediately ahove the main Ijnrtnn- 
where it biicomcs superh(!ated before passirtf,' to tho 
eiif'ino. 

T/ie Minjine. —Before disonssinf,' the types of 
engines, it will be useful to consider the action of 
steam in thef siinplest type and to study the indica¬ 
tor fliagram thereof. Iniagino a single cylii^fhn- A, 
h’ig. 53, with a piston B and an adi*ission valve C 
and exhaust valve D. Suppose the piston Jt io bo 
at the innfer dead centre, high pressure steiTln is 
admitted through the valve When* the, piston 

X * * 

+ias moved -th of its'stroke, steam is •'cut off” by 

r * , ■ 

closing the valve C, and for the rest*of tho stroke 
the steam already in the cylindXjr expantls and acts 
with diminishing pressure upon the piston. The ex¬ 
pansion follows the law P. V" = C, where I* jp the 
pressure and V is tho volume of the steam and tlTe 
constant n is unity. Just before the end of the^ 
stroke, the pressure is released by opening the 
valve D, the exhaust pipe K communicating direct 
with tho atmosphere or with a condenser. The 
.piston nftw moves back and expels fhe steam which 
remains* approximately at atmospheri# ])ressure or 
tKo pressure in the condousr*', until about “(j of 
if) 
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has been performed when tlie valve I>’'i8 
closed and the rcmainhij’ steam is compressed. 

The diagram for 'such a singW-i'cling engine is 
shown in Fig. fPi, the dotted line repiesenling the 
atmosiiheric line, A and B being the ends of the 
'rtroke and C the position of the cut-off. 

OA is a measure of the free space above the 
piston when at its inner c-'iitrc. 



A c B 


Flo. Theoretical imlicator iliaKraiu for sinj'lc-actint^ 
non-con(lennlng fitcam cn(^ine. 

The ratio of the volume OB to the volume OC is 
known as the ratio of expansion, the diagram is 
plotted for a maximum pressure of 300 lb. per 
square inch absolute, that is 300 - 14'7 = 285’3 
lb. by gauge. When corrected for inertia and a 
crank effort diagram is plotted, the ovonriess of the 
torque as compared with that obtained from a petrol 
engine of like jiower is most marked. ■■ 

Where this single-koting tjqie of engine has been 
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lisjd, thrcu cylindpi-s arc; {^jovidocl, tjju pi:N.Ott.'< oT' 
which act rn cranks at 120’. •The valves arc of the 
mushroqm or poppet type and arc actuated by 
similar to those in the ordinary petrol cnffincs. In 
this ease, the position at which the steam is out off, 
commonly called The (!ut-ott', may he varied hy 
sliding the cam on its shaft, the cam surface being of 
a suitable pifefilc. Valve (Sips^, H, 1', and a screwed 
plug flcting ii,s a cylinder c«ver G arc generally used 
as in Fig. 93. . 



Pic;, y.j.—Doiible-aoting sfpaai rns'inc. 


A second class of car engine which is used approxi¬ 
mates to the normal type of steam engine. By cfosinn 
both ends of the cylinder and supjilying steam there¬ 
to the engine becomes double acting. The valves 
employed are of two kinds, one form is'that known 
as the D-sha]i)ed such as is shown at M in*Fig. 95, 
the oomjple’tet drawing representing f, double-acting 
engine. The cylinder has two covers II^G, the lattei 
hayings* stulling box I through which the rod F of 
the piston E passes. The end of the rod outside the 
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"fiylinder is cqnnocted to, 1 cross-hjEwl which is in tdm 
coiiplod to the crank by a oonnectiny rod. A stulling 
ibor'il is also pyovidcS on the valve dv steam chest A 
through which the valve rod (the position of which 
is indicated by a dotted NN lino) passes. The rod is 
"connected by an eccentric rod with the strap of an 
eccentric on ,the main crank shaft. 

Some idea of how a Dtyalve controls' the passage 
of steam from the valve chest A to the cylinder If 



and from the cylinder to the exhaust C should ndw 
be obtained. We will first consider what is happen- 
kig ih the le^t-hand part of the cylinder. With the 
piston at its inner dead centre and the waive in the 
“ position shown, steam is able to got into the cylinder 
by the porti a. The corresponding position tor the 
eccontrie is as shown in Fig. 96. The angle MON 
is known as thg " Anglo of Advance,” and fh? distance 
between the centre of the crank shaft and the centre- 
P of the eccentric is the “Virtual crank radius ”,of 
the eccentric—equal to the half travel of the valve. 




'i*jc Jbtted Vino OR repiesents the ffesition ofitllC 
miiin crank. The'amount o4 port opei«ing I 'is dalleJ 
tlic ‘ ‘ lead of >h# valve. As tge piston moves to the 
right, the valve also moves to th^ rtght, reachoit its 
extreme right position and then roturt.s until the port 
n is covered‘and the steam is cutoff. The valve 
continues to move to the left and the piston to the 
right, until, eventually the port a and •exhaust c are 
in cjmninnication with each other via the hollow 
part I'l of the valve—this,*the position of ii.releasp,’’ 
occurs just before tiie end of thef stroke. Duriuf^the 
major portion of the retiun stroke, the ports a, e., are 



connected, the valve having travelledL tosts extreme 
left position and returned somu distauce,on«its move¬ 
ment to the right. .Just before the'ond of the exhaust 
stroke the valve shuts off the port a from the exhaust, 
and the steam remaining in the cyfmder is cotn- 
pressed tcfact as a “ cushion ” to the piston. Practic¬ 
ally at about 10” of crank angle before the innef 
dead centre, the port is opened to steam and the 
cycle of opemtions starts over again. Che same 
cycle iftakihg place on the outer etvl of the cylinder 
as the valve controls the steam port,6 in the same 
Banner as it does the port hut with a “phase” 
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diffrrencc, thsio ia it is half a rcvolutimi behind {I'.e 
inner-eiid. r ' 

The valve in its njill position oveflaps' the steam 
And exhaust poftf by amounts ah, «/, Fig. 9T, which 
are known respectively as th(! “outside lap” and 
“ inside lap 

Another tyjje of valve which is sometimes used ia 
the Piston Valv(! of which one form is shown in 


Fig. 98. The two end. parts .A, 11 act as ccntrpls of 
' the ports Iradiug to the 
eyKndor. These ports 
0 extend as annular pas- 

__ ' sages around the inner 

surfafol of' the cylin- 
a drioal steam clfesti 
Y i ^ The valve rod is at- 

„ , , tached to the lx)ss C 

e which is o-irried hv 

three or four wt^hs from the walla of the valve. 

The ordinary method of acJ,uaVing those valves 
consists in employing an eccentric and link motion 
such as is lllus'.rated in Fig. 99. When the link ah 
is in the 'position ahorrn, the valve which is oouple(J 
by the rod C to a block c, moves as though coupled to 
the eccentric 4 and the valve is set for forward run¬ 
ning. If the link is thrown over hy the rod B so thlit 
the part h is in line with the valve rod G* then the 
eccentric B is alone actuating the valve and the ec¬ 
centric A is icily moving the end a of the link. At 
the same* time the valve will bo placed jn a new 
position relative‘to the piston and the cnvnV shaft 
will be rotated in the opposite direction for .reverse 
limning. When the link is in the mid positiofi, the 
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t ?40 oSoentrics noutraKjse one another for* the •en.js 
ab will be moved equally ai«l in oppot^he direoSions,* 
consoquetldy tljeJdock c whicfi^is at the centre does 
not rect-ive any luOtion. Under tiji!*! circmnstaBcc* 
6ven with the throttle valve full open no movement 
of the shaft 'takes place. Intermediate positions of 
the link vary the resultant effect of the eccmiti'ics 
upon the v|vlve over a raiiKU from fulk power ahead 
to fi^ll aBtorn. , 

VVhei-e tlfe complete o.vf'ansion cannot hi; conveni¬ 



ently utillAod in one cylinder,, two or piOBe may be 
used, the exhaust of the ll.R (high pressure) 
cylinder being admitted to thi\ h.l’. (low pressure) 
cylinder to complete its »':pansion. *On on(?eni)ine 
of this t\q)e, a valve is fitted which enables the Li.F. 
cylinder to act as a H.P. cylinder under circunf- 
stances in which more power is required than nor¬ 
mal, as when starting a car or whim goinj* up hill. 

Thqfj) 0 \ft‘r obtainable from a stej^m engiue can be 
regulated by the quantity and pressure of steam 
•genarated, and the engine can lie stopi)ed or started 




itt Till, so thik a clutch and {;eai' box avc notVcof^i- 
’sai'y‘on' a stiain car. 'As compared with a j)ctipl 
car the weight of the/steam geucrattai; is hfdauoed hy 
Cho'abaencc of tintse other f)arts. 

In contradistinction to the petrol engine which 
has to he enclosed in a heat-extracting^iedium, the 
cylindei' of a steam engine has to lie lagged with 
asbestos or tlie like which prevents heat (roni radiat¬ 
ing away. . " , 

A spl(indid arrangement of the engine on the 
chassis which gives high elliciency, consists in 
coupling the crank shaft direct to the main spur 
, pinion of the differential, any relative movement of 
the engine and chassis which it'^ls irjciasary to 
provide! for being obtained hy mounting the enfflmJ 
on a frame \vhi(^h at one end is attiiched to the Sack 
axle casing and at the other is hung hy straps or 
other ihixihle suspension fiom the chassis, i. 



CIIAl'TEB XVIIr. 

OTIIHU TKANSllISSION SYSTI'IMX. 

J<’ricii.on*l)riI'c. —This system BiHi'.rs from tlio usual 
Olio ill that the clutch and cihaug(!^s|iocd gcai-^irc rc- 
jilaccd by a single nfochanisiii. (Jhcaiiiiess in lirSl 
coat is the main advantage. Its disadvantages arc 
that a positive drive is not always obtainahle and 
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slip when it does occur appears just when it is not 
wanted. 

A diagrammatic view of a friction drive gear is 
shown in !fig. 100 in which the engine Shaft A carries 
a’disk B. , A cross shaft 1), mounted eithsr rigidly in 
the ^ide*frallies 11 or slidably laider the action of 
(ir,3) 
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!)',)rin{'s, liaS keyed tg it iv disk C, .'which* oo^ifcicts 
wfth 'the el gine disk' B and citu bo moved by levers 
R The shaft k) also CiirriescVfSpKfoket wheel G 
vVheiice a chfiiii takes the diive lo a sprocket on the 
dilterential. 

Get N Ih! the nnmlxT of revolutiofis per minnte of 
the shaft A, 

and M lib the nnmlxn; of revolutions, pei' minute of 
the shaft D, 

also.0 be the diameter of the disk ft in feet, 

< and <l the dista'nce in f(!et of* th(!'point of contact 
of the disks from tlu! axis of the shaft A. 

Tlien TT. 1) . j = velocity in ^feet per second of 

the rim of the disk G, 

t 

I /N' 

and IT. d . = velocity in feet ))er second of 

th<r cii cle of contact on B. 

If thery is no slip, 

• r 

t I or D. )t = d. N. 

It IbllOiWS therefore, and taking D and N as con¬ 
stants, that as fhe disk G is moved along its shaft so 
that (I varies from uero to a maximum, then its rate 

I i 

'of revolution increases px'oportionately from xoi'O to 
a maximum. • 

When the torque, T lb. feet of the engine shaft is 
constant, the pressure at the conhict circle varies 
inverseiy with the distance 1), and in general terms 
equals p such .that p . d = T. * ^ 

In order/.hat this torque shall bo fully transftiitted 
to the disk C, the Ijitter must he pi-essed agaiust.the 
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II is the coeraeiejt^of faction toe the two surfaqjis. 
P must rtierefori! tie tP’eatest wheiv is smallest 
and when n is smallest, i.c., when the car is climb¬ 
ing a hill or being started up. The attempts to 
regulate the pressure P as r(!fjuired in tin; aliove 
manner have,resulted in ^pniplicatod ifiechanisms 
which ,do ftway with the simplicity of the system. 
Further, thes(fatteinpts have not been bronfiht to a 
successful issue. 


Another point which arises from tlu! thickness of 
the disk C is that, although all points on its periphery 
Have a constant s^ed for any gn'en position of the 
disk, Jet the inner and outer circles of contact,havo 
different speeds, so that there must be «ome, slip and 
consequent wear, which necessitates renewals, ^ind 
lierpetual adjustment of the levers and shafts kee\*ing 
the disks in contaet. 

Hydraulic Trans/lii^imtu .—Jteplaciug .the clutch, 
gear box, cardan shaft (or,chain and sprockets) ai 4 l 
also the differential, this system cannot Be p'lsscd by 
witjiout comment. .Apparatus similar to'that pro- 
posc-d for cars has already been successfully employed 
in other engineering spheres; and now ys lieginqing 
,to nlhke its mark in a practical way in Motor (lai- 
Rngineering.* 

The Manly System is being fitted to commercial 
vehicles in the United States, the; Oharron Motor 
Company have run one of their gears 1(0,000 miles, 
and showed a chassis fitted with it at’the Olympia, 
1912, aruj the Hele-Shaw-Leigh-Martineau system 
hasf givAi satisfaction on the cai'Stso fitted, 



\ MOTOR CAR TiiHCHiWISM 


ISP 

[Briefly the appiiratiw includee a pump driven by an 
internal ooriibiistion edgine and supplying liquid under 
pixsssuro to liquid pressure engiijt^; which drive the 
cross shafts di the driving wheels. The liquid used 
is goucrally oil, and the variations in speeds and 
neutral are obtained by oiui or two control rods. In 
all the successful forms the torque transmitted has 
been maintained practically constant. 

Teats made show on an average an edioienoy of 
85 per cent or thereabouts, the variallles being: (1) 
the size of the apparatus; (2) tile ratio of the number 
of revolutions of the prime mover to the numlrer of 
i-evolutions of the driven shafts; and (3) the load. 
It has been fourrd that under dontinuorrs load the 
temperature of the oil does not rise above abouu 150° 
Pahr. 

The gear fitted to (Iharron car's is that invented 

and designed by 
Dr-. Lerrtz, a 
diagram Ireing 
given in Fig. 
101 . . 

Situated i n 
the position or¬ 
dinarily occu¬ 
pied by the’dif- 
fer'cntial casing, 
is a casting 
Irored to take 
thr-ee rotary slid¬ 
ing-vane pumps 
m, n, 0 , of different capacities and two sets of rotary 
engines B, S, and E‘, S'. The pumps are driven‘by 
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bho shaft A whteh is cou{)led to tho onginu shaft, aiTd 
the engines E, S, E'* B’, (Ji-ivc? Jhc whctS shafts \v, 
W respectively. »• * » 

In the neutral position a valve i* opened which 
hy-passcs the delivery from the inimps hiick to the 
.suction side, consequently the engines E, B, E', B', 
do not rotate and the car remains stationary. 
When the hy-pass valve in closed, furtlier power, 
speed andVaking control is.obtainod by cutting out 
' one or two (5; the jmmps or one or othe» of the 
engines from tho oil iircuit. The engines E and R‘ 
are supplied in common from the pumps, as are also 
tho engines S and S' with the result that a differen- 
t.ial action is'autoSiatically set up should one road 
wBeef encounter a greaUir resistance than the qfher. 

Just as an example of control assSme the capa¬ 
cities of the engines E, E' to be half of the capa«ties 
of the engiites S, B' respectively, and that the total 
capacities of the four engines E, E' and S, S' equal 
the total capacity oi the pumps to, n, S. 

Suppose all the pumpe feeding all the engines. 
Then since the capacities are as 1 ; l5 th*e^ revolu¬ 
tions of the shaft A to shafts W,’W',will lie as 1:12. 
Now suppose the engines E, E' cut out, tho ca¬ 
pacities of pumps to engines will lie as '■i : 12 . and 
the revolutions as 18 :1. Oi- again if the capacities 
of the pumps m, n, «, are and .} of their total, 
then with tho pump » feeding all the enijiuos tho ca¬ 
pacity ratio is 1 : -3 ( 12 ), as 1 :4 and the velocity 
ratio 4 :1. • , 

, U«in{^oil as tho power-liquid tends to diminish 
wear ot»the parts. Tho diliioulty of'keeping the 
glands tight is considerable, owtag to the high liquid 
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plossurcs i-ciiched and 4ia» Iwcn in softie measui'j the 
reason for’'these fyiars riot being oommerciali'ied 
earlier. 

In the HelcrBnaw-lviartineau and also manly 
gears the control consists in varying the stroke of 
the pumiis and so their capacity. Usually the 
pumps and engines are of the radial type, hut in one 
form of the Ilele-Shaw the pumps are parallel to the 
shaft and the plungdrs are driven hy a swasli-plate 
mechanism. 

'■By varying the inclination ^of this plate to the 
shaft the stroke of the pumps is varied. 

Hydraulic transmission geai’s are certainly worthy 
of more attention than is at present bestowed upon 
them., 

Petrol EleCiric, System. —The petrol motor in this 
system is coupled to a machine which is capable of 
actiilig as a dynamo or motor according to require¬ 
ments. ‘ 

Accumurstoiii are .carried* which supply extra 
(Kjwer when needed, and they may bo used for 
starting.^ They are charged during the time that 
the power requirpd lor propulsion is lower than the 
maximum power of the jietrol engine, such as when 
the oar is going up hill. 

Kleclric Transmission. —The power is,in this case 
, wholly supplied by a petrol engine which drives a 
dynamo the current from which goes to motors 
placed on the shafts of the driving wheels. Acou- 
, mulatoi's may or may not be used in addhion. 

Complete Eteclrie Installation. —In this" system, 
accumulatortf' form the source of power, from^which 
it is taken by eleoRic motors. The batteries are' 
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chaiytd at a po*tii' statioh whan necessary. Jn this 

oontipxio’h it would appear ^hat* tjie alkalftie typo of 
accumulator will l;j:^f (freat value' since it can bo so 
rapidly charf'od without injui'y. . 

The restricted radius of action has teon against 
the electric vehfcle", but with the power to run for 
say six hours and then be able to re-charge in one 
hour, and also'bocause the aUialine form provides a 
l)attery«of greater capacity fpr h given wciight, the 
electric car should gradually come into favouw 

With more electric cars on the road it will llfc 
possible to arrange with power stations for a system 
of interchangeable units, the recharging can then he 
performed at the convenience of the engineer when 
his*loJd is light and the car-owner can proceed 
without waste of time. 

The simplicity of control and the reliabilitji of 
electric motdl'S is all in favour of the electric dar. 
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■APPKNDIX. 

CITY AND GUILDS SYLLABUS >N MOTOK 

' CAE ENGINKI'IRINCt. 

• 

. Ol^MNAKV (JltAttB. 

Petuol (!au. — tjiKjwM. —General constinctioii of 
Internal Combustion I'liifrines. The Otto Cycle. 
* Two-stroke <Jyci# Particular construction of a 
P#tiii)l Motor Engine. Details of joints. The water 
circulation. * 

Pcfrol.-J-Source, distillation, di'iisity, and calorific 
value. 

CarbiimHon. -Extjlosive mixtnri! of ixArol vil!))Our 
and air. Com|)ression, and its (dTect o» explosive 
mixture. • > 

• Plorse-power of Petrol Motors. fiilliculty of 
measuring indicated hordfc-power accurjjtc^li. Britko 
horse-power. Mechanical efficiency. Tljporetical 
ii^iicator diagram of a Petrol Motpr. ficsneral ex- 
fdanation of the terms adiabatic and isothermal 
expansion; adiabatic and isothermal ^compression. 
Fixing hy compression. Limits of compressioii 
ratio. Batancing and torque crank effort diagrams. 

Traotwe Force .—General considerations of road, 
side-slip, wind resistance, and gr.adients.^ 

Carhuretlers.—Genera] principle of the action of a 
Carhurotter and description of the various»forms in 
use. 

Speed Gears .—Sliding gear, epicyclic, variable 
^ears, chain and belt change speSds, hydraulic 
transmission. 

( 161 ) U 
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‘UccruK/ fi('iH'.--(i(‘mTii.l (l-'sci'ipliors of. 
CliilJii'S.-,-VjOne, sViipinf,’ diik, Ilcdc-Slia-.v, J(!- 
niitsy. ^ 

< onliiKj. —.\ii' coolinf;, water cdolitif,', radiators, 
circiilalinfr order of circulation. 

hiihricalidii .—llelhods of Inlirication and appro- 
nriate. lubricaid,s. “ 

Itcadjiistmenh. —(irindinf' and setting valves, tim¬ 
ing ignition, testing for faults in ignition system. 

TraVKmisswii. (lliain drive, live-axle, tilt or lift 
of “ Cardan ” shaft. 

C/in.'.i 's.- -Wlnvl base, forms of cai Iranics, iinder- 
fra.nes, springs and brakc.'S. 

l^nECTiiid loNiTioN.—Primary Batteries and Small 
Accnmnlators used in connexion with Ignition Ap¬ 
paratus. , 

Tfivilinii. —High and low tension sjiarks, eflect of 
pressure on spark-ga]). 

Fikctro-Miu; lehc, hiiliictinii .—Brief (explanation. 
huhicium Coil. -Construction of trembler and 
non-trembler coils and theory of werrking. (“ [jodge 
c'dl " and B spark.) 

Wniiiij. -Of one, or more cylindeis, high and low 
tension disirihution. (Note- Students should be 
encouraged to use coloured jiencils when drawing 
diagrams of‘coils, magnetos and ignition systems; 
say, red for low tension leads, blue or green for high, 
and black for constructional parts.) 

Maijndii-hjnitinii .—General description of method 
and apiiarati s. 

Steam C\m.—Fnijini’s. —General description of 
ordinary types. 

.Sfcom (iciicralois. —Multituhular, flash and semi¬ 
flash boilers 

Burners and Fuels. —Coke, crude petroleum, 
jiaraflin, petroleum sjririt. Calorific values. Con¬ 
struction of buiiiers suitable for liquid fuel. I 
Jloiler Feed-Pumps .—Gear driven, steam driven, ’ 
and auxiliary hand pumps, with their connexions 
and injectors. 
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.^ilmiuUii' —Automatic ivgiilalioii of till'd* 

water iiiid fuel. (■ ' , 

VuniknseU.- (l^iieial (lescii)jiiou of coiKleiisers 
and the oljject o'f their use. 

.I'lnwcTKicC.riini.uiKS.— TmuIA fcnmnlaUn's .- -Con¬ 
struction of jilalt's for various makes of cells, 
chemical changes which take place, connecting up 
cells, duration of charges, cun-ent ]ier square foot of 
plate, densities of acid, elliciencies hf hattciics 
actual, aij(l theoretically iiossjhle, energy capacity 
per unit weigljt of ]ilate, how to tell when battery is 
charged and how to ascertain tlq^ remaining charge. 
General description )!f various types of hatteries. 

Motora. —Series, Shunt. 

Cimli'dlkm .—Various methods of control. Mleo- 
•tric hrakes, ,irnp'jicticahility of ie-charging cells 
when descending lulls. 

*T^nsinissi<iii .—Helieal gear, etc., use (d two 
motors to .avoid dill'erential. • 

Cut-outs. —Qnick-hreak ))edal switches, fuses., 

(tAuaiie isYSTKMS.—Kor housing and tending «lec 
trie carriages, cost of running, weight pf vehieW, 
speeih care require^, radius of action, renioving and 
replacing hatteries. 

Advantages and disailvmntages ol electric compaitiil 
with internal cornhustion motors. 

MOTAll CAE ENGINMERING J'lXAMfNATION 
I'APMK. 

1. Show* a complete wiring diagram tor an 
ordinary four-cylinder vertical engine litted with ' 
duplicate ignition (battery and Il.T. mggneto). If 
possible, uso different coloured pencils or inks for 
wires oarrxing high and low tension ciirreitta. (4H 
marks.) f * 

2* A single-cylinder car with the engi^ie under the 
bcjdy l),fi9 about 7 feet of H.T. lead from the plug to 
the coil on the dash. If the iflsulation of this wire 
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,ijr(tifhiu,Uy poflshes, wluit. are fhe lirst symptoms ,you 
expict'?' Dqscrihe ho'iv, when these symptoms are 
observed, yon wonjd pnfcced to loca' i the fahlt 
•jxsAtly, and psovo it to l)o due to * I'cak in ,the H.T. 
wire and noliiinj' else. What other detects would 
jiive similar symptoms? (42.) 

i). fliven a now 4-\olt if'iiition afccunudator or 
lead secondary hattcny (without any printed instruc¬ 
tions) to till 'with acid and charf^e. tor use, state what 
acid yon would use, how yon would dih)to,it, and to 
what density. It you find there arc two uerative. 
plates aiid one positive plate each measnrin;' 5 inches 
by'4 inches in eacdi cell, what ch'argiti'e current wmdd 
you give, and tor how long? (42.) 

4. Sketch caretully a section ot a well-designed 
cheap piston, showing rings, gudgeon, small cud of, 
connecting rod and bush. Indicate with arrows the 
materials ot which the parts a-e constructel. (42.y 

5. A car fit'tal with live axle and two universal 
joints in the propcdler drive has a tonpie rod 4 feet 
long, to prevent the axle case from rotatipg ; the car 
weighs 1 ton, and is climhing a hill of 1 in 7. Cal¬ 
culate the'force (due to gradieiit only, neglecting 
road resistance, etc.) which the forward end of the, 
tomjue rod exerts on its support. Tyres 810 by 90 
(2r)-4 niinv ='l inch). (42.) 

6. Dihw a motlern locomotive type foot brake 
suitable for the car described in ipiestion 6. Shdw 
method of adjustment and means for preventing 
lubhkrg and battling. (42.) 

7. Bepresent the motion of the crank pin b^ a , 
circle about 3 inches diameter, and indicate the direc¬ 
tion of rotation with an arrow. Mark on this circle, 
for an ordinary four-stroke cycle engine, the dead 
centres apd the positions of the crank pin when the 
.inlet and exhaust valves should open apd-close, and 
when the ma^eto spark should occur for fully 
advanced and retarded ignition. Give the angle in 
degrees of each point from the nearest dead centre, 
(42.) 



8i Ciiiefnlly draw two* curves iiVlicatiiig \hc 
rejjatioii between |?reBsu|fi ifnj voluiffc when the 
engine piston is»on its coin|)Bession stroke, pne 
curve should shoA the rise in pre!«ure when tht! 
engine is pulled ovtu' conijn'ession vi;ry slowly by 
hand (isotlierjnal compression); the second curve 
should represent the result of sudden conipressio.. 
(adiabatic). Insert a hwv liguics of pressures and 
volumes if j)pssil)le. (4‘J.), * 

9. Skullch two kinds of bojlers in use on steam 
motor road gehicles. Giv1‘ the working pressures 
and blow-off uressures and approximate mamete.rs 
and lengths of boilei. tubus in each case. Maine a 
manufacturer of each ty|ie. (Id.) 


OnniNAfiv (in.ADU. 

All candidates m/isl atte.in/il (,)imlions 1 and 2 and 
not more than lire olliers. 

• 

1. Describe briefly the construction m' any smflll 
car ftith which y»u may be familiar; .taking each 
•organ in turn, giving'its situation and*the type to 
which it belongs, also Acting any siji'cial or gflod 
features. (SO marks.) ^ 

^2. Supposing the ignition gear in Ibe, car de¬ 
scribed in Question 1 to be in perfect working order 
but that you cannot get the engine to start, how 
wt^ld you systematically set about *to locate tlje 
fault beforg attempting to put it right or to alter any 
adjustments? (40.) , 

3. Sketch, in section, a good design of clutch and 

fly-wheel, showing the clutch )iedal. T4tate briefly 
what arc its good features. (40.) • 

4. Wiral horse-power is required to move a motor* 
deliver/van, weighing 3j tons, at 12 miles per hour 
along a level road, the necessary tnifctive force to 
.otorcdme road resistance bepig 40 lb. per ton ? 
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IVfOt’On CAH MHIlHANIlfM 


D. ouue precisely vihat liiateriiils' are genejally 
useS Icr cipistructin}* th^' follftwing car jrtirts:— 
Enjjiiio cylinders, ,crank shaft,, lialls '-in the ball 
•bearings, core or centre part oii •magneto armature, 
ordinary sparkhi’g plug points. What is the white 
metal made of which is cominonlv used for lining 
«hig end hearings? (40.) 

6. Answer eillier of the following' — 

{a) ‘Suppose you have a d-ampere hour 
4-volt accumulator to be recharged, .show in a 
diagram the necessary connexioiifi and lijrpara- 
tus*'for iechai;ging, using any spuici' of current 
supply .vou like. State'' what current you 
would give, foi- how long you would charge and 
how you would regulate the current. 

or r • 

(b) lli-aw just a line diagram showing! the 
lairing for a non-tremhlor coil ignition system, 
foi' a motlir cycle with a 4-voll hatteyv. 

, If the coil takes d amperes, what is its resist- 
..ance in ohms? (40.) , 

♦ 7. Show the constiuction of a trembler ignition 
coil by a sketch, taking care to make the connexions 
quite clear,'preferably with cfiloured pencils or inks, 
stating which terminal ha* to he connected to the 
sparking'plujl and which to the battery, etc. (60.) 

8. Iffipresent, diagrammatieally, a low-tension 
magneto, and sHow the connexions to a 4-cylinder 
engine. Show the make and break mechanism for 
pne of the cylinders, and stale the relative speed of 
the armature to the crank shaft. (40.) 

9. Sketch a liquid fuel burner, and show the lank 
and necessary pipe connexions, etc., for a steam 
car. State‘the fuel used and how it is forced to the 
hurner. , (40.) 

I 10. What are the chief necessary electrical parts 
in an electric rairriage? Why ar6 electric‘car j not, 
more commonly used for country work ? (^O.) 
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MOTOl} CAT. MECITANISlIl.' 


Tabi.k of Sgt'ABua, Rtc. 


I 

IV 
1'44 
1-Oil 

1- % 

2- 2ri 
■ J-5G 

2-8y 

H-24 
:i-oi 
4 

4 11 
4-Hl 
5*2‘) 
0-70 
0-2ri 
0-7I*. 
7*29 
7-H4 
8*41 
il 

il-Ol 
10-24 
10-8!)' 
IJ -flf/ 
12-2f) 
12-% 
la-Oil 
14;44 

15- 21 
16 

16- 81 

17- 64 

18- 40 

19- 66 
?0-25 
21-16 

22- 09 

23- 04 

24- 01 
25 

26-01 
. 27-04 

5-?| 28-09 

29- 16 

30- 25 

31- 36 

32- 49 

33- 64 

34- 81 


(Hi be 

1 “ : 

I- 331 I 

1- 72H 

2- 197 

2- 741 

3- 375' 
1-096 

4- 913 

5- 832 

6- 859 
8 

!l-261 
If, 6181 


I1-048H 

1-6955 

l-14(L> 


I- 188-211-1187 

II- 2247'Mi47 
l-2649|l-16!l6 
1-303H|M935 
l-3n(;il-21Gl 


1-37841 
I- 4 I 4 - 2 I 

1-4491 
1-48321 

12- 107|J-5166j 

13- 824 1-549-2 


15-6-2.'] 

17-576 

19-683 

21-952 

21-389 

27 

‘29-791 

32-768| 

35-937 

39-301 

42-87-51 

46-65(i 


54-872 

59-e319j 

68-921 

74-0881 

79-507] 

85-184 

91-125] 

97-336 

103-823 

110-5921 


Root. 


('r.bt! 
Jb'ot 

11 

11-0323 

1-0627 

10914 


I1-.5811 

1-612:) 

1-6432 

1-6733 

l-702‘) 

I- 7321' 

II- 7607 
1-7889 
|1-8166 
1-8139 
1-8708 
1-8974 


50-6.'53ll-9235 


11-9491 

9748 

2-0249 
2 •0491 
2-0730 
•2-0970 
2-1213 
2-1448 
•2-1680 
2-1909 


:117-64^'2-21361-6985 


11-25 
il3-2;65) 
140-608 
il48-877 
157-464 
1166-375 
I175-610 
1185-193 
195-112 
205-379 


2-2361 

2-2583 

2-2804 

2-8622 

2-3238 

£■3452 

2-3664 

12-3876 

'2-4083 

2-429 


1-2386 
l-2.''.99 
1--2H06 
1 -3006 

I- 32 
|i-33H9 
|l -357-2 
1 -3751 
|l-3925 

II- 4095 
1-1-26 

I- 14-2-2 

II- 4581 
jl-4736 

I- 4888 

II- 5037 
1-5183 
il-53‘26 

I- 5467 

II- 5605 
1-5741 
1-5874 
1-6005 

I- 6134 
1-6-261 

II- 6380 
11-651 
11-6631 
1-6751 
1-6869 


I- 71 
,1-7213 

II- 7325 
1-7435 
;i-7544 
1-7652 
1-7,768 
l-'7a63 
1-7967 
1-807 


i . 36 '“' 

6-'ll 37-21 
l)-2' 38-.1-J 
6-3 39-69 
6-1 t()-96 
6-5 42-‘2r) 
6-6' t3-5() 
6-7 41-89 
6-8; 16-21 

6- 9 47-61 

7 ; 19 

7- 1* -W-ll 
7 - 2 ! 51-8} 
7-3] 53 29 
7-4| 51-76 
7 - 5 ' 56-25 
7-o! 57-76 
7-7! .59-29. 
7-8j 6 ()-h1 

7 - 9 ! 6-2-11 

8 I '61 

8- jl 65-61 
8 - 2 ] 67-24 
8-3j 68-89 
8-41 70-56 
8-.5| 73-25 
H-() 73-i)l} 
8-7l 75-69 
8-8; 77-44 


(’line. 


H-il 

il I 

9 - 1 ! 

9-2 

i)-3| 

9-4| 

9 

9-6 

9- 7 
9-8 
9-9 

llO 

llO-l 

jlO-2 

10- 3 
110-4 
10-5 


79-21 

8] 

82-81 

84-64 

86-49 

88-36 

90-25 

92-16 

i)4-09 

96-04 

98-01 
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|l06-09 

|108-16 
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•250-(l47 
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3-.)9-ni7 
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.551-368 
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l)3(;-056 

658-503 

681-47-2 

704-9(>9 

729 
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778-688 

804-357 

830-584 

8 . 57 - 375 

884-736 

912-67ii 

941-192 

970*299 

1000 

1030-301 

1061*208 

1092*727 

1124-863 

1157-625 

1191-016 

1225*043 

|1?59*712 

|l295*0y9 


ScpliireJ Cube 
‘ ■'lioot. 


Knot. 

•2-4698| 

V-49 

•2-.5] 

•2-5-29H| 

2-5195I 

•2-569 

2-:)884| 

2-60771 

2-626H| 
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•2-6641] 
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2-71)28 


1\HI71. 

|l-8272 
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ij 
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\\ 
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3 
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3*178 
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3*{>404 

3*2558 

8*2711 

3-2868 

8-8015 


|‘2-0083 

1- 2-0165 
;2-0247 
'‘2-03-28 
,-2-0408 
,2-0488 
'2-05(i7 

2- 0646 
-2-0724 
2-0801 
2-0878 
2-6954 
2-1029 
12-1105 
*?*1179 
2-1253 
|2-lii27 
2'U 
2-1472 
2-1544 
12-161(! 
2-1687 


3^10942-1767 

3-2-2492-1828 


2-1897 

2-1987 

2-2036 

2-2104 

2-2172 
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TABLlf OF {((iuSiWS, ET|^.—Conf*rt7fC(/^ 


Sijiiv**. Ciilif 


^ijunri 
Hoot 

1*^1 iiiai v:n()0| 

123-211307-t)*! 3-3;ii7! 

125-44 UyO 323 
I 1-27-691442-337 3-301 r,i 
I 123-331461-544 3-37011 
i 132-25 1520-375 
i 134-50 1500 330 
I 136-331001-01: 

1 133-211043-032 


|5-2233jll) l’*0 
2-23071 10-1 2i3-21 


}-3'^12 


;1-;A03ii1-2374 
|2-21t1 


2-2500 
2572 
:i-4(i53!2'2037 


!3- 4205 
;!-4:351 
|3-14301 
;l-40ll 


lll-3 141-011035-1.10 
.2 144 17-21* 

-2-1140-4( 1771-.50,y3-473: 

.|:i-432s| 

l3*0071 
;)-.5214| 
i355 
;i-5430 
3-50:-17 
|3-57'n 
.4-.0317| 
3-00.50 
13-0134 


1153-70|l306-0-24 
1353-1-25 
■2000-:i70 
20.43-383 
'2037-111-2 
-2110-083 
2137 
246-031 
2-233-908 
23.52-037 
2400»104 
-2400-375 
251.5-450 
2.571-3.53 
20-23-072 


2-270-2 

2.-2700 

2--23:il 

|-J.233t 

12-2357 

■2-3021 

16.3031 

|2%140 

2-3233 

2'3-27* 

:i;i3l 

2-3331 

■2-345 

|2-:4573 


10-2 
10:1 
10-1 
10-5 
10-0 
10-7 

l«-3l 
17 
111 


13.0332 2-363:) 
3-0403-l-ilOOll 
S-OBOO 2-375 
13-074-2 2-3341 
li-OS-Jfl 2-387 
3-7013 ■2-33-23 
3-7143 2-3330 
■263,5-013 3-7-233 2-404.1 
•2744 3-7417 2-4101 

2803-2-21 3-7.55 2-11,53 
1-2803-283 3-7683 2-4210 
■2324--207 3-7315 •J’427 
207-36I2385-384 3-7347 
2]^-25.3048-6-25 3-8073 

-:411-2-130 3.821 

14-7f 216-03 3171*523 3.8341 
14-8| 213-0413241-732 3-8171| 
3307-3433-80 
|3S75 3-873 


228-013442-9513-88.591 
231-04 3511-808 3-8387 
‘234-03 ;j 881-577 3-911.5 
23»-lC3652-‘2C4 3-3-2431 
240-25 3723-875 3-937 
248-3^ 3796-416 3-9497| 
246-49 3869-893 3-3623| 


312 3-£743 
8793-987.5 


2-43-23 

2-1385 

2-4141 

2-4437 

|•2•4,55•2 

2-4007 

|2-4602 

12-4717 

2-4771 

|2-482.5 

12-4873 

2-4333 

2-4987 

2-.504 

2-.5033 

2-5t46 


■■ 


mQ 

27 2-i.') 
27.7-.7C 
27H-H‘.I 


l:580-747 
•1410 '.)I4U 0107 


H. 

4 

1-012.^: 
1 0210^' 
4-0878 


U 02 •1-2.7 
l4.774-i0(i 


1-0C2 

1-07481 


IC.77-4C8 l-OHCrJ 


282-2l4711<)82 


1018 
-7000-211 


IT 

17-81 

17-41 

17-.7| 
17-C| 
17 

17- h| 
7-o| 

IH 

18- 11 
1H-2| 
18-31 
lH-1 
iH-r» 
I8-C 
lK-7 
IH-H 
l8-0l 
10 
10-1 
10-2 
10-8 
10-4 
10-.7 
10-C 
10-7 
10-8 
10-0 
20 
20-1 
20-21 
‘ 20-8 


2.s5-l)l 
iJKO 
-202-111 
20.7-H4I 
20'.T--20| 
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4-92(15 

1-9396 


14706-125|4-()197l 


1488()-'J30 

15069-223 


015-04115252-9921 


15438-;i49| 
15625 
158J.3-251 
16003-008 
10194-277 
16387-084 
16681-37;i 
16777-216 
16974-593 
17173-512 
17373-979 


l-8785i 


t-89'J 


2-8562 

2-8603 

2-864:1 

2-8081 

■8724 
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44-92018-01 


|45 

45-1] 


45-4| 

45- 


45-7 


-2025 
2034-01 
145-2^043-04 
|45-3[20.53-00 
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Mktric Euuivalknts. 


1 centimetre . * 

1 sq. centimetre. . * 

cub. centimetre , . 

1 kilogrnni 
1 kilot^rain-mctre 
I centimetre per sec. . 

I gram pet sq. centimetre 
1 gram per cub. contimotre 
Aco«l(sration to gravity 

1 ill. 

l*Sq. in. . 

*' 1 cub. in.ti . 

1 lb. {avoifrlupois) 

1 ft. per sec. 

*1 lb. persq.^n. . 

J lb. p^ cub. in. 

1 lb. per cub. ft. . 

t f 

1 in.-lb. 


= 0'3!)37in. 

fl-lS^O flq.^n. 

. O-OfilO cjib. ill. 

■= ‘Allb. 

-= 80’H2 in.-lb. 

‘= 0*03'28 ft. per see. 

- 0*OU‘2 lb. i^r sq. iu. 
r)2'42 lb. per cub. ft. • 

*32*2 ft. per sec. 

:: 1181* f centimetyes per eec. 

.• 2*54 centimetres. 

= f>‘541 sq. cenUmetres. 

= cub. centimetres. 

= •4586 kilogram. 

= fi0*48 centimetres per sec. *■ 

= 60‘84 grams per sq.centimetre. 

- 27‘616 grams per cub. centi¬ 

metre. , 

= 0*016022 gram per cub. centi¬ 
metre. 

= 1152 gram-centimetreait 
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•A 

• 

A(?Celeuation fureos due tu 
reciprocatuif^ paits, dd. 
Accumulators, 8‘J 90. 
Ackormaun steci^ug, 114, I IT), 

no, , . 

, Actuating gear (or^uinps, ncc 
P umps. 

Adhesive power, .see S’ract^i. 
Adiabatic law, '1'2. 

Armatures, we Magnetos, 
Axle, stub, MU’ Wheel mount- 
• mgs. 


£ 

Baok axle, l^HJ, 1M7. 

Bali aud socket joints, 114. 
Ball bearings, engine, II. 
Bearing*, main, 17. 

— big end, 15-17. * ^ 

—•* projected ai’ea of, see Pro¬ 
jected area. 

Benzol, liee Fuel. 

Bevel driving gear, 135-187. 
Boifers, see Steam generators. 
Boyle’s law, 21. 

Brakes, 129, 131, 132, 138, 
137. ^ 

^Brakiftg forces, 101. 

Buffers, see Speings. 

Burners, see. Vaporizers. 


0 

• * • 

Galoufic faluo of fuel, 60. 
Cam Bnafts, 42. 

copstruction of, and 
vetting out, 43*47. 


Carluirolteis— 

Arrangement nf, on ear, 73, 
74. 

.Aiitoinatie I’xLia air type, 

(4>, 07 • 

STmpie foini and fiiucti'ni 
of.^l. 

SAinptoins, 7 1,75 
Variabli' |et, (>H. # 

(/Hiitifrugalpumps, siw Pump# 
Chain dnve, 189 

Charging aecumulatom, stu- 
♦ Aceuiniilaturs. 

('•Iiarh'S law, 22. 

Chassis, ilehmlinii of, I 
Choke tube, .‘.cc Catbuietteis. 
CleaiaiK'e (ompriv*iion 

volume, 23. 

(’lutche',-- 
Cone, 119. 

Ilydrauhe, see llydiaflhi* 
gears. , 

Inverted cone, 119-121. 
Springs, 120, 

Coil clutch, J25. 

Compression pres>iurcs, 63 

— ratio of, 23 S 

Condenser, .W(’ Mii^khos 
C one clutclich, see Clutches. 
Comiectmg rods, 15. 

Contact breaker, iee Ma^ 

uctos. ft * 

Controlling meciiaihsm, I. 
Cooling systems, air, 91. 

— — water, 92, 94. 
Countershaft braki-s, see 

Brakes. • 

Crank effort, see Torque, 35. 

— cases, 11. ft 

— pins, 17. 

— shafts, 16.* 

Cut off, see Steam engines. 
Cycle of opcratAins, see En¬ 
gines* 


nun 




' • * wvi’oH (‘.\u 


<Jylinders— * *1 

. (!oiii.triiotioij of, 8, f., ^0, 11, 
.•>7, IMI’ , 

i\\i!li (lelaolial'lo liV-iids, fA) 


D 

• DAititAC'v s(>/’ Viilves 

Drtachabic lu'ads. .w 
dt'is * 

Dilteivnti.il, 1.18, ].U. * 

- - be\cl, I Ij, 117. t 

- spill, I8<). • 

Disk (lifclu'S, IJl, 12;». 
Distributors, s('.' iM.'^nctos. 
Draj' link, .^^v’ Siecnu/^ 
L)yiianioinotcT, al's..iri)lioit, '>1 


«Franic-— « 

F#tliU‘;s, 111. ^ , 

Force diagram, note on* 11^ 
' Mau»^ 10(3. 

Siiiisidiavy, 10(j. 

Ficezing puiiit-- 
Mivtiire water a'lul glycerine, 
07, • 

WaU'i’, KO. ' ' 

l''iictioii drive, lijH, 1.0.!i. 
b^roiit axle, 111. 

Front si>riTigs, .src Springs. 
J-'nels - • .1 , 

(.'linnisli^' of, () 0 , ( 31 . 
l'’lasli })oint, 0 . 3 . 

\alue of, (30, (51. 
I’lisible |)lug, sec Steam goner- 
atois. 


E 


' a 


Kr( 4 s-i'uic, H|^. 

Flc<‘tric transmission systi'ins, 
l.OH, l.V). 

Fii^iih's- - 

•'.Diistrin.tion, 0, Hi, 20. 
(5ycl(‘ of^opt-iJit loll, 7 
DaiiMcrj, .see \'al\i's. 

Four-sLr«^(‘ cycle, 7. 

Knight, ,, 

Ferrot, ,, 1 

'Pvvo-sffok^ <‘ycli', .i»G. 
Valvefcs^, .'37 -OH, .VJ, 
Mpic>clic gear, i8(J. 

Fxliaiist pipes, s,r Cyliinlers 
(■’.vnatulmg brakes, .sc*’ Hiakes. 

F 

Fan.s, 10, 02, 0(3. 

Feed water licati^rs, IH. 

Fire tube Imilers, .see Steam 
generators. 

Flash gfiierators, ser’ Sti-aiu 
generators. , 

Float clittmb*‘r, see (Car¬ 
buretters. ^ 

Float ng axle, s^ee back axle. 
Fly-wheel, 18, 37, il(3. 


(K ' s, propeili<‘S of, 21 23. 

-- (oiitiol t'f, .see V'alvii set¬ 
tings. 

- <iiiaiiLit\ of, and velocity of, 
18. 

Cate change, 127, 128, 120. 
dears ami gear hoxos„l25. 

, dear Dvers, 127, 128. 120. 

. (riidgeoii )iiii, 13. 

H 

Hi;m’, r.ulialiiig, .see Cooling 
sssUuiis, radiators, pumps, 
lle^'l values, see Fuels. 
Ifcle-Sliaw cliitcli, Disk 
I elutclies, 

; Ik’lieiil pump, lee Pumps. 
ll(‘Wili piston valve engines, 

I .see Valves. 

lliiidley worm, see Worm- 
! driving gear. 

I llopkmson indi/iator, see In- 
! dicutors, ojlcical*, 

' Uorse-i)o\vor, indicated, I'lO. . 

1 -brake, 330. 

'-formula;, 332. * » - 

.i;.. lOR IKK in'! 
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^ragiK-tos au- | 
cumulatorsA ^ ♦' 

• Indicator diagram^ 20, 
14C. 

’ Indicator:^ o])tic}\], 2 h. 
Inductiuii pjpo, ,s^v (lylnuk'is. 
. Jnstaniiineousiontrfi, 111,110. 
Inverted cono clntclKs, .sec 
Clutches. ' 

Irrovcrsiblo goaving, 117. 

Isothonnayaw, 22. 

Italu cf^giues, see Valvos.* 


Joint knuckle, see Knuckle 
joint. • 

— universal, sec Lfuiversal 
joint. • 


Ma?}N^tos— I 
Annature, K2, S.1 
(!ondfMiscr^H4, 80 '• 

Conluci breaker, H4.^S0, 
Di'^tiibiit*)!', H4, HO. H(>. 
Lociiiiiig tioubles, HH, KU. 
Magneto, SJ. 

Spark gap. HO, H7. 

Timing, SI). • 

• Wiring diagiam, HO. 

Mixing chiunlier, ^ee Car- 

• bii^( ‘ILel’H 

Mi<tnre, .''tfe (firbu^'tiiTs. 
MultipU disk eluTelles, 

Disk cUllehes. 

Musbrnoni \:ilv«‘s, .s’<'c Valves 


. On. sump, .s(^ [.uliiieayon 


' Knight sfeove valve, see 
Valves. 

Knuckle joj^ts, 112, 118, 114. 


IjANciikstp-r woini,,s<’c Worm j 
driving gear. • i 

Lay shall, 127. ! 

Leather cone elutcli, see \ 

•Clutches. I 

XiCvers brake, see Hrakes. i 

— engine control, see St^pring 

column. 

— ^ar, see Gear levers. 

Link inotiott, see Valve gear. 

Steam engine. 

Load on wheels, see Traction. 
Locomotive brakes, see Brakes. 
Lubrication- 

Combined splash and pres¬ 
sure,• 

Object M, 77. 

I^SBure, 78. 

Bum^ for, see Pumps. 
Splash, 77. 

i; 


PARAI-’KIN, .M'l’ h^iels, 

I’edals, brake, 128, 182, 118. 

■ clutch, i;i:i. 

Permanent inagm ts, see Mjig- 
not. 

Petrol, see Fuels. 
iblot4)unior, .'!<v'*Vaponzer 
Pin giidgooii,-w Gudgeon pm. 
Pipes, see Cylinders. 

I^istons— 

Assembling, 9>8. 
Construetion, ll, 77. 

Valves, sec Valves. 

Plate elutebes, see Disk 
elutehes. 

Plug valves, .seifValvCK. 
Plunging lomt, si'c I'nivcrsal 
joint. • 

Poppet valves, see Vahes. 
Power plant, 1. 

Pressure, inili(;atiug. see In¬ 
dicator magrams. 

— n»an, effective 2.) 

8 • 
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ftlO'iOil C'A'l MH(,'UANi,:y 

“ " r I 


♦ • ' 

l*iy]octed area,,’)«xriugs,■ 

-pi^’jtous, 20. I j, , 

— 0 V 

Ceutr’J^ugal, b.3. ^ 

. I'mplinigin, 

I2ccGntn(^ diisk, 

• icared pinion, 7‘.>, HO. 
lU'liral, 04 

, Piston or plunger, 81 


l/ 


Q 

(Quadrant cliango metlmu- 
i''>n, .see (}c> I's and gear 
l^oxcs; ^v'ar levins. ^ 


I Starling handles, IS. . ' 

;(df!ani engino, 144, 161. ♦ 

I " geiibralors, 141, \M. 

I *1 - piopeitios oj; 140. 

1 Steer iv3 ’:.r-n«, see Steering 
: Rca-r. 

i — column, 2, .‘3, U3, < 10, 118. 
- gear. 112, 11:1, 122. \i'\. 

I Stub axil', .si'i! Wlieed mouut- 
I figs- 

I SuporheaLod steam, 140. 

' Supplementar >5 spring-', see 
Springs. 

Suspinsioii tliree4poi« .1, see 
Tliiee-poiiii' suspension. 


R 

Uadiatous, 02,116 
Radius rods, 188. 

UaLio of compression, 28. 
Rear springs, .srefSprings, 
Kcsistanees lo motion, 101. 
Uools biuwei, see Pumps 
(ged’red pinion). 

KotiVi'y disk, Valves. 

-• valve, ii’^fYalves. 

's 

Safety vu'-^ve, \ 13. 

Screw und‘n\ii gear, 117^ 118. 
— pumps, see l*ump,s. 
Selector rods, see Gate change. 
Sleeve valves, .w Valves. 
Sliding pistc^n valves, Sdd 
* Valves. 

Spark gap, see Magnetos. 
Speed gears, sdc Gears and 
gear boxes. 

Springs— • 

Anchorage, .see Frames. 
Buffers, 4|0'J. 

Formula. 107, 111, 118. 
Front, lOH, 112,U13. 

Hear, 108, 112,118. 
Supplcmenirfjy, 110. 
Springe clutch, .see Clutijhes. 


T 

Tiieum^' syplio'i cooling, see 

(looiing systems. 

; TliiY’p-ponit suspension, I'l?. 
Throttle valve, a' tiou i)l,‘60. 
Timing, see Valve sctiiugs, 
magUL'tos, 

Tortpic- - 
Diagram, lf>. ' 

ObUiiniug by calculation, 

iiS. 

-j grajiliically, 85, 87. 

' Tonjuc members, 100, 138. 

, ITaction, adhesive power, 08, 

00, li 0. 

I Transmission gearing. 1. 


U 

LInivebbai. joilPs, 128, 120, 


I ^ 

; Valve geai, steal} engine, 
; 148, 151. «• 

I — settings, 44, 45, 48. 

! Valvelesa, see Engines. 
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Jive -4 — 

^rangenieiA, k 
Cam% for, icA Ca-m?. 

ristoiis, 55. 

Poppet, 39, 40. 
Rolty.'^)lug, 53. 
ScatingR, 39. 

Sleeve, 49. 

Spi'ings, 40. 

Tappbts, 40. 
Vaporizer, 


W 

' CyliAlitrs. 

j \Vc>^n oliftch, .SiV Disk 
cluk'lics.^ 

Wlieel ^nouuiing, Lii, iia, 
■ 113,137. ’ 

Wirmg uiagram. iiv Magnetos. 
Work, dohuilion of, 1^3, ^ 

Worm and sei-tor gear, seo 
Inev(‘i>iljle gearing. 

- dvuin^t gear, 13(). 


abbkdeen: tuk uni^ucrsitv imiess 
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